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INTRODUCTION 
The supplementation of livestock and poultry feeds with 
enzyme products having primarily amylolytic, proteolytic or 
cellulolytic activity has come into use only in recent years. 
Crude or crystalline enzymes of animal origin, such as pepsin, 
trypsin, pancreatin, and lipase, have been fed to a limited 
extent experimentally. The cost of these enzymes and the 
inconclusive experimental results, however, have hindered 
their extensive use on a. practical basis. Likewise, many 
enzymes from plant sources, such as ficin, papain and bromelin 
(from fig, papaya and pineapple, respectively) have been of 
little benefit to poultry and other monogastric animals. In 
fact, they often have been detrimental to the animal. 
Microbial enzymes have been the most widely used and have 
shown the greatest promise as feed supplements. These enzymes 
are produced commercially during fermentation of a suitable 
medium (usually a bran mash) after inoculating it with a bac­
terial or fungal culture. The amount and type of enzymes 
produced depends upon the type of microorganism, composition 
of the medium and the conditions of incubation (i.e., tempera­
ture, moisture, air, time and pH). There are"a number of com­
mercial companies which produce these enzyme products (some­
times called commercial enzyme concentrates) under a variety 
of trade names. The microorganisms most commonly used in the 
fermentation processes are Bacillus subtllls (bacterial) and 
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Aspergillus oryzae (fungal)• These manufactured enzyme prep­
arations are not purified enzymes, but they are usually stand­
ardized, for the major enzyme system which they contain, by 
dilution with corn starch, lactose, salt or other suitable 
material. Thus, for example, a crude product having primarily 
protease activity may also contain amylase, as well as other 
enzymes or co-enzymes. 
The digestive tract of the young calf has been found to 
be deficient in both proteolytic and amylolytic enzymes which 
are capable of hydrolyzing proteins and carbohydrates of plant 
origin. For this reason, and perhaps others, attempts to sub­
stitute plant materials for milk products in milk replacers 
have been largely unsuccessful. It seems possible that 
enzymes given orally might enhance digestion and absorption 
of plant materials from the digestive tract. Thus far, 
attempts to improve the nutrient utilization of milk replacers 
by enzyme supplementation have produced no beneficial effect. 
No work has been reported on the use of enzymes of microbial 
origin in milk replacers, however. 
Likewise, very little experimental work has been con­
ducted to determine the value of supplementation of calf 
starters with enzymes. There has been a trend in recent years 
to decrease the amount of milk or milk replacer fed to dairy 
calves and to rely to a greater extent upon a dry calf starter 
as the major source of nutrients for young calves. The 
nutrient intake during early life is, therefore, somewhat 
limited because the acceptance of dry starter by the young 
calf is usually slow. Thus, any feed additive which improves 
the utilization of nutrients in the starter would be of con­
siderable benefit during the early life of the calf. 
Several workers have reported increased rate of gain and 
utilization of feed nutrients by beef cattle and sheep fed 
rations supplemented with various microbial enzyme prepara­
tions. The reason for this improvement has not been deter­
mined. Furthermore, since the enzyme supplements used in most 
experiments were mixtures of several enzyme systems from 
various fermentation products, the type of enzyme(s) respon­
sible for the improvement is not known. 
The objectives of these investigations were to determine 
whether various microbial enzyme concentrates fed singly or 
in combination improve the utilization of nutrients of plant 
origin oy the young calf and older dairy animal and to deter­
mine if enzyme supplementation will produce any detectable 
changes in the digestion of nutrients by the calf. 
Several studies were used to meet these objectives: 
(1) effects of adding enzyme concentrates to liquid milk re­
placers fed by nipple pail, (2) growth responses of calves to 
starters supplemented with various enzyme concentra tes fed 
singly or in combination, (-3) effects of a bacterial protease 
concentrate on nutrient digestion by steers and (4) changes 
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in the volatile fatty acid and nitrogen components of rumen 
contents resulting from ingestion of a bacterial protease con­
centrate by steers. 
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REVIEW OF LITERATURE 
Development of the Digestive Enzyme System of Young Animals 
Cattle 
The development of the digestive enzyme system of the 
young calf has been studied by relatively few workers. Lac­
tase has been found in the intestinal mucosa, as well as in 
the intestinal contents of calves soon after birth (Heilskov, 
1951; Dollar and Porter, 1259; Ruber et al., 1961a). Lactase 
activity is highest during the first week of age and decreases 
with age, according to Huber e£ al. (1961a) and Dollar and 
Porter (1959). Huber et al. (1961b) found a decrease with age 
in the ability of lactose to increase blood reducing sugar 
levels after lactose was introduced posterior to the rumen. 
The maximum change in blood reducing sugar after introduction 
of lactose (2 g. per pound of body weight) into the abomasum 
was 147.7, 116.8, -35.8, 37.4 and 1-3.8 mg. per cent for calves 
at 22, 50, 136, %27 and 600 days of age, respectively. 
Huber _et al. ( 1961a) found little mal ta se activity in the 
intestine of 1-day old calves and little change up to 6 weeks 
of age, while Dollar and Porter (1959) found the intestinal 
maltase activity of 8-week old calves to be about three times 
greater than that of 2-week old calves. Increases in blood 
reducing sugar resulting from ingested maltose were low as 
compared to those from Ingested glucose and lactose (Dollar 
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and Porter, 1957; Huber ejt al., 1961b). Huber et al. ( 1961b) 
found that the increase in blood reducing sugar levels follow­
ing maltose administration was twice as great at 6 to 8 weeks 
of age as at 4 to 6 weeks of age. Dollar and Porter (1957) 
obtained significant increases in blood sugar levels of calves 
fed maltose only when a supplemental source of maltase was 
included in the meal. 
Studies of enzymes in intestinal tissue and contents have 
shown a complete absence of sucrase in calves (Huber et al., 
1961a). The ingestion of sucrose posterior to the rumen has 
failed to produce an appreciable increase in blood reducing 
sugar in calves under 8 weeks of age (Dollar and Porter, 1959; 
Okamoto, 1959; Velu et al., 1960; Huber et al., 1961b) or in 
older animals (Huber et al., 1961b). 
The presence of amylase in pancreatic tissue has been 
demonstrated in calves from birth to 8 weeks of age (Dollar 
and Porter, 1959; Huber ejt al., 1961a). However, the activity 
is much lower than the amylase activity found in monogastric 
animals. In the studies of Huber e_t al. (1961a), on calves 
slaughtered at various ages from birth to 44 days of age, 
amylase activity was lowest at birth, increased somewhat 
during the first week, but changed very little thereafter. 
Dollar and Porter (1959) found no increase in pancreatic 
amylase activity from birth to 70 days of age. 
Digestibility studies indicate that there is considerable 
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breakdown of starch in the gastrointestinal tract of the calf 
(Shaw et al., 1918; Larsen et al., 1956; No lier et al., 19 56 ; 
Huber et al., 1961c). This breakdown of starch is probably 
due to hydrolysis by intestinal microorganisms posterior to 
tne site of absorption of simple sugars, since very little 
response is obtained when blood reducing sugar is used as a 
measurement of starch utilization by the calf (Flipse et al., 
1950 ; Dollar and Porter, 1957, 1959 ; Okamoto et al. , 1959; 
Huber et al., 1961b). In these studies, the ingestion of 
starch, dispersed in water given by nipple pail, has produced 
little or no increase in blood sugar levels in young calves. 
Introduction of starch posterior to the rumen produced only 
a slight increase in blood sugar levels even in older animals 
(Larsen et £l., 19 56; Huber _et al*, 1961b). 
In the Iowa State University studies (Huber et. al., 
1961a), gastric protease levels were quite high even in the 
1-day-old calf. Protease activity (per unit wet weight of 
abomasal tissue) was highest at 8 days, and decreased slightly 
thereafter. On the other hand, protease activity of the pan­
creatic tissue was lowest at 1 day, but much higher in the 
pancreatic tissues taken from calves killed at ages ranging 
from 8 to 44 days. 
When abomasal contents collected via an abomasal canula 
were assayed by Henschel et al. (1961a), very, little change 
in total proteolytic activity of the contents was noted during 
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the ages from 1 to 8 weeks. Proteolytic activities of 
abomasum contents were plotted against pH and the curves were 
compared to curves of crystalline rennln and pepsin activity 
plotted against pH. They concluded that the proteolytic 
activity present at 1 to 2 weeks of age was predominantly 
rennln with only a small amount of pepsin. There was a 
gradual decrease in rennln activity and an increase in pepsin 
activity with pepsin predominating at 6 to 8 weeks of age. 
In vitro studies (Henschel, 1961b) showed little difference 
between the ability of pepsin or rennln to hydrolyze protein 
of raw milk or casein in synthetic milk. However, pepsin 
effected a more complete hydrolysis of soya protein than did 
rennln. 
Noller et al. (1956) found the digestibility of crude 
protein in milk replacers, composed entirely of materials of 
plant origin, to be only about 50 per cent in 26- to 3 8-day -
old calves and much lower for calves under 25 days of age. 
In the same experiment, the coefficient of digestion of milk 
protein was greater than 90 per cent for all ages studied, 
suggesting a possible insufficiency of enzymes for hydrolyzing 
vegetable protein. However, other factors, such as the 
physical form of the protein, may be involved. 
Sheep 
Walker (1959b) found that pancreatic and intestinal 
amylase increased slightly with age in lambs killed at weekly 
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intervals at ages 1 to 5 weeks. Lactase and mal tas e activity-
remained constant; there was no detectable sucrase activity. 
Lactose and glucose appear to be the only carbohydrates 
digested in sufficient amounts to be efficiently utilized by 
the lamb. 
Walker (1959c) found that the proteolytic activity in­
creased with age in the abomasal contents, small intestine 
contents, intestinal wall end pancreas of the lamb. However, 
the proteolytic activity (per unit weight) of the abomasum 
wall decreased with age. 
Taylor (1962) collected the pancreatic secretions of 
adult sheep via pancreatic fistulae. The daily output of 
fluid, bicarbonate, amylase and protease per gram of pan­
creatic tissue and per kilogram of body weight was very low 
in the sheep when compared to the dog. 
Swine 
Sucrase, maltase, and pancreatic amylase activity of the 
young pig is low at birth, but increases with age (Bailey et 
al., 1956; Kitts et al., 1956; Dollar et el., 1957; Cunning­
ham and Bris son, 1957a, 1957c ; Cunningham, 19 59 ; Walker, 1959; 
Hartman et. al., 1961; Baker e_t al., 1959). Hartman et. al. 
(1961) noted increases with age in the proteinase activity 
per unit weight of pancreatic tissue and proteinase activity 
of the intestinal contents during the first 8 weeks of age. 
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On the other hand, Lewis ejt al. ( 1957) found that the trypsin 
activity of the pancreatic tissue remained fairly constant 
throughout the first 6 weeks of life. 
Enzyme Activity in the Rumen 
Proteolysis 
It is well known that plant protein is utilized much more 
efficiently by the ruminating bovine than by the young calf. 
Sym (1838) was one of the first to show that the rumen con­
tents were strongly proteolytic. The in vitro studies of 
Pearson and Smith (194,3) with casein, gelatin and blood meal 
gave further evidence of these proteolytic properties. 
McDonald (1948) found that large quantities of ammonia were 
produced in the rumen under normal feeding conditions. 
There is no evidence of proteases present in or secreted 
by the rumen or reticulum wall nor of proteases present in 
bovine saliva (Y.'egner _et al., 1940). Therefore, any proteo­
lytic activity in the rumen must be attributed to the rumen 
microorganisms. A great number of bacteria possessing pro­
teolytic properties have been isolated from the rumen of 
cattle and sheep (Huhtanen and Gall, 1953b; Appleby, 1955; 
Oxford, 1955; Warner, 1956). Although protozoa are more 
difficult to isolate, rumen protozoa have also been shown to 
have proteolytic activity. Warner (1956) found that about 
one half of the proteolytic activity in washed cell suspen-
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sions was associated with the bacteria and one-half with the 
protozoa. The nature of the diet of the animal from which 
the washed cell suspensions were taken had little effect on 
the proteolytic activity of the microorganisms. 
Blackburn and Hobson (1960a, 1960b) have shown that 
proteolysis by whole rumen fluid takes place and that the 
proteolytic activity appeared to be distributed over the whole 
range of rumen microorganisms which they fractionated by 
centrifugation. The largest portion of proteolytic activity, 
as measured by casein hydrolysis, appeared in the protozoa 
and large bacteria. However, the greatest activity per unit 
dry weight was found in the fraction containing the smaller 
bacteria. When sheer, were fed several different diets com­
posed of various hays and concentrates, the proteolytic activ­
ity of wnole rumen fluid was independent of diet. The optimum 
pH for proteolysis was between 6 and 7. Only a small portion 
of the bacteria isolated on several different culture media 
were actively proteolytic, but comparison with proteolytic 
activity of whole rumen contents suggests that those bacteria 
which were isolated represented only a small fraction of the 
proteolytic organisms present in the rumen. 
When diets composed of wheat straw, molasses, minerals 
and either casein or heat-treated "insoluble11 casein were fed, 
the proteolytic activity of rumen contents was relatively 
constant throughout the day, but slightly higher after feeding 
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(Blackburn and Hobson, 1960c). The presence of considerable 
proteolytic activity before feeding was indicated by the rapid 
breakdown of feed protein and increase in non-protein nitrogen 
immediately after feeding. Proteolytic activity was slightly 
higher in sheep fed a diet containing more soluble casein 
compared to those fed "insoluble" casein. The breakdown of 
protein was followed by deamination and formation of ammonia 
with a subsequent increase in microbial protein and a decrease 
in non-aumonia NPK. 
Proteolysis apparently takes place through peptides of 
decreasing chain length to free amino acids which are then 
quickly deaminated to give ammonia as the major end product. 
Annison (1956) found measurable quantities of amino acids and 
peptides in the rumen after ingestion of rations containing 
no free amino acids or peptides. Rumen bacteria contained s 
higher proportion of alpha-amino nitrogen then the rumen 
fluid. The alpha-amino nitrogen concentration remained rather 
low (10 mg./lOO nil. ), however, and decreased slightly after 
feeding. This suggested rapid uptake or deamination by the 
microorganisms, since there was no evidence of absorption. 
This is in agreement with Chalmers arid Synge (1954), who found 
that there were low concentrations of amino acids in the rumen 
while the breakdown products of the amino acids (ammonia and 
volatile fatty acids) were found in high concentration in the 
rumen (McDonald, 1946, 1952; el Shazly, 1952a; Moore and King, 
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1958). 
In artificial rumen studies, about half of the nitrogen 
of casein was converted to ammonia (Warner, 1956). It was 
assumed that the remaining half was converted to microbial 
nitrogen. The concentration of volatile fatty acids in the 
artificial rumen increased about equal to the amount of 
ammonia produced, suggesting the fate of the carbon chains 
of the amino acids. 
Even though the amount and specific activity of the 
proteases in whole rumen fluid is apparently independent of 
diet (Warner, 1956; Annison, 1956; Blackburn and Hobson, 
1960a), the rate at which proteolysis occurs in the rumen is 
affected by the solubility of the ingested protein. Soluble 
proteins, such as soybean protein, soluble casein and arachin, 
were more readily degraded than the relatively insoluble pro­
tein of albumin, wheat gluten and zein (Warner, 1955; Annison 
et al., 1954; Annison, 1956; Little, 1960). 
In contrast to the proteolytic enzymes the deaminating 
ability of rumen contents is influenced by dietary protein. 
The ability of mixed rumen microorganisms to decompose amino 
acids to ammonia, and other products was increased by increas­
ing the soluble protein content of the diet of the host animal 
(el Shazly, 195bb). In vitro studies by Otagaki et al. (1955), 
using carbon-14 labeled protein and amino acids incubated with 
rumen microorganisms, indicated that both deaminases and 
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transaminases are present in rumen contents and el Shazly 
( 1952b) and Sirotnak _et al. (1953) using a washed cell sus­
pension technique, demonstrated that ammonia and volatile 
fatty acids were the main end products of amino acid fermenta­
tion. 
Cellulolysis 
Ruminants are unique among the animal kingdom in that 
they have the ability to digest and utilize cellulose rather 
efficiently. Insofar as is known, catt.ie and sheep do not 
secrete cellulases in any of their digestive juices. There­
fore, the degradation of dietary cellulose must be achieved 
by the cellulolytic activities of the microorganisms in the 
rumen. The fermentation of cellulose in the rumen was demon­
strated as early as 1883 by Tappeiner who recovered large 
amounts of volatile fatty acids es the end product. Since 
that time many workers have observed the digestion of cellu­
lose in the rumen. 
Bryant jrt al. (1958) found numerous cellulolytic bacteria 
in the rumen of l-week-old calves as well as in the adult cow. 
The initial stage of cellulose digestion was studied by 
Pringsneim (1912), who inhibited microbial growth by anti­
septics to demonstrate that cellobio se was formed by the 
hydrolysis of cellulose• A number of anaerobic bacteria 
having the ability to produce primarily acetic, lactic, 
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succinic and butyric acids from cellulose substrates have been 
isolated by Hungate (1950), Sijpesteijn (1951), Bryant and 
Burkey (1953), Huhtanen and Gall (1953a) and Bryant end 
Doetsch (1954). Propionic acid does not seem to be formed 
directly in any of the pure cultures studied. However, Johns 
(1951) and Sijpesteijn and Elsden (1952) have shown that mixed 
rumen microflora are able to rapidly convert succinic ecid to 
propionic acid by decarboxylation and to ferment lectic acid, 
although et a slower rate. This could account for the fact 
that fairly high concentrations of propionic acid ere normally 
found in the rumen, while succinic acid is present in very low 
concentration. 
Kitts and Underkofler (19 54), Cason and Thomas (1955), 
Gill and King (1955), King (1956, 1961), Halliwell (1957) 
and Stanley and Kesler (1959) have demonstrated cellulolytic 
activity in cell-free extracts prepared fron. rumen bacteria. 
Glucose has been shown to be an intermediate product of cellu­
lose digestion (Woodman and Evans, 193S ; Kitts end Under­
kofler, 1954; Stanley and Kesler, 1959). Kitts and Under­
kofler (1954) also found small amounts of xylose and cello-
biose formed during enzyme tic hydrolysis of cellulose. They 
state that cellobiose may be an intermediate in cellulose 
hydrolysis, but due to the ease with which it is hydrolyzed, 
it never appears in large quantities. Hash and King (1955) 
obtained an enzyme from a culture of Myrothecium verrucaria 
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which hydrolyzed cellulose to glucose, celloblose and oligo-
saochrides indicating random cleavage of the cellulose mole­
cule . 
Festenstein (1958) isolated from cultures of rumen micro­
organisms a cellobiase which could be inhibited by an accumu­
lation of gluconolactone in the media. Festenstein1 s enzyme 
preparation also contained an enzyme which hydrolyzed carboxy-
methycellulose, but showed only 60 per cent inhibition by 
gluconolactone. A ^  -glucosidase was isolated from sheep 
rumen organisms by Conchie (1954), who investigated its 
properties againt O-nitrophenyl-^-glucoside. Its properties 
against cellulose were not studied, however. 
Baker and Harris (194?) examined (under a microscope) cel­
lulose undergoing digestion by rumen bacteria end found iodo-
phile organisms to be enclosed in cavities or lacunae of the 
plant tissues. Cellulolytic activity is usually not found 
In rumen fluid which has been centrifuges and filtered (Kitts 
and Underkof1er, 1954; Stanley and Kesler, 1959). These date 
suggest that bacterial cellulases are either (a) bound to 
the bacterial cell wall, (b) only active at high concentra­
tions or (c) rapidly degraded when dispersed in rumen fluid. 
Halliwell (1957) suggests that more than one enzyme is 
necessary for the degradation of insoluble native cellulose 
and that the enzyme necessary for the initial action on in­
soluble cellulose may be highly unstable or require a special 
combination of conditions. He found that cell-free extracts 
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obtained by extraction with butanol were effective against a 
soluble cellulose derivative (carboxymethylcellulose) but 
showed only limited activity against undegraded cellulose. 
Extracts obtained by grinding with alumina were active against 
insoluble cellulose, but hydrolyzed carboxymethylcellulose 
only slightly. 
The role of rumen protoza in the breakdown of cellulose 
has not been fully studied and is a matter of controversy. 
The presence of protozoa is not necessary for cellulolysis, 
since van der Wath and Myburgh (1941) showed that the rate of 
cellulose digestion was not altered when sheep were defaun-
ated. Bryant et al. (1958) found that cillate protozoa were 
absent from the rumen of young calves which apparently were 
digesting cellulose. 
Hungate (1943) has demonstrated the cellulose-digesting 
capacity of several species of protozoa in cultures free of 
bacteria. Particles of cellulose were ingested by the 
protozoa and a glycogen-like storage product accumulated in 
their bodies. Halliwell (1957) states that rumen protozoa 
appear to play a minor role in cellulose digestion and that 
their activity is due mainly to closely associated or ingested 
bacteria. The question of whether rumen protozoa secrete 
cellulases has not been resolved, but it is generally believed 
that they do not. 
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Amylolysis 
Amylase, capable of digesting plant carbohydrates such as 
starchs and dextrins, is secreted by the pancreas of the rumi­
nant, as stated in an earlier section of this review. How­
ever, pancreatic amylase is probably of little importance to 
carbohydrate digestion in the ruminant, since the amylolytic 
activity is DUCH lower then normally found in mono gastrie 
animals. In addition, it has been estimated that 94 to 98 
per cent of the starch in the ration is digested in the 
reticulo-rumen of cows and sheep (Belch et al., 1955; V/el 1er 
and Gray, 1954) . Bovine saliva secretions contain no amylase 
(Kasr, 1950) and there are no enzymes secreted by the rumen 
mucosa. Certain feeds ingested by ruminants contain amylase, 
but plant amylase activity is considered to be of little sig­
nificance in the rumen. 
Bacteriologists have identified a large number of rumen 
bacteria which possess amylolytic activity. Much of the 
recent work in this field has been summarized by Moir and 
Mason (195%), Bryant and Burkey (1953), Huhtanen and Gall 
(1953b), end Bryant (1959). 
when cell-free ^-amylase was isolated from the rumens 
of sheep given different diets, the amylase potency was 
highest in sheep given the diet containing the greatest amount 
of starch (Kasr, 1950). This is in agreement with the results 
of Provost and Doetsch (1959). Starch degrading enzymes iso­
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lated by Hobson and kcPherson (1952) from cell-free filtrates 
of Clostrldum butyricum and Streptococcus cultures were found 
to be a-amylases which would hydrolyze amylose, giving 
maltose, glucose and maltotriose as end products. 
The role of the protozoa in starch digestion is not as 
well known es that of the bacteria because of the difficulty 
encountered in the separation of individuel species of pro­
tozoa and in the removal of contaminating bacterie. The large 
Dlplodlnlum and Letadinium and the somewhat smaller Entodlnlurn 
and Isotriche are known to ingest and digest starch granules 
(Oxford, 1955; Gutierrez, 1955; Abou Akkoda and Howard, 1960). 
Volatile fatty acids and lactic acid are end products of starch 
digestion by the protozoa. These organisms are also able to 
produce an amylopectin-like polysaccharide which is stored 
within the protozoa. It is possible thet part of the amylo­
lytic properties of protozoa are due to symbiotic bacteria; 
however, it is believed that protozoa also possess their own 
amylolytic enzyme system. 
It is evident that the rumen contains many microbial 
enzyme systems in addition to the amylolytic end cellulolytic 
properties responsible for the initial breakdown of plant 
carbohydrates. The initial products of amylolytic end cellu-
lytic hydrolysis are short-chained, more soluble intermediates 
(e.g., oligosaccharides, disaccharides, end glucose and other 
hexoses) which are readily attacked.by the microbial popula­
20 
tion, resulting in organic acids which are important as a 
major source of energy for the host animal. 
Other polysaccharides, such as pentosans and pectins, are 
found in roughages normally consumed by ruminants. The 
presence of pentosana.se activity (HearId, 195-3; Howard, et 
al., 1959) and pectinase activity (Pressey et al., 1960; 
Wright, 1961) in the rumen has been demonstrated. Rumen 
microorganisms are also known to have the ability to hydrolyze 
glycerides (Garton et al., 195%; Hill, 1960) and to hydro-
genate unsaturated fatty acids (Garton, 1959; Hill, I960). 
It is well known that, in addition to making food con­
stituents available to the animal, processes such as vitamin 
and protein synthesis in the rumen, are of major importance. 
The importance of the interrelationship of the many nutrients 
and microorganisms for the production of factors necessary for 
optimum fermentation can not be overlooked. 
No attempt has been made here to present e complete 
review of metabolism in the rumen, but only to establish the 
importance of the proteolytic, amylolytic and cellulytic 
properties of the rumen microorganisms. Excellent reviews 
pertaining to the digestion and metabolism of carbohydrates 
by the ruminant have been written by Gray .et al. (1952), 
Edwards (1955), Boggs et si. (1959) and Howard (1959). 
Reviews dealing with the digestion and metabolism of protein 
and other nitrogenous compounds in the rumen have been 
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written by Chalmers and Synge (1954), Hale (1956), Head (1959) 
and Annison and Lewis (1959). 
Enzyme Supplements in Livestock Feeds 
kllk replacers 
One of the earliest attempts to improve the utilization 
of milk replacers by enzyme supplementation was reported by 
Williams and Knodt (1951). The addition of papain powder and 
pancre at in powder to milk replacers resulted in poor growth, 
low feed consumption, diarrhea and intestinal degeneration. 
Ratcliff and Jacobson ( 1957) fed calves whole milk or a 
milk replacer gruel (mostly finely ground grains) supplemented 
with pepsin (1:3000 K.F.) and animal diastase (6 x U.S.p.) 
at the rate of 1% and 0.167)6, respectively, of dry matter 
intake. There was no significant difference in rate of gain 
of calves fed the enzyme-supplemented diets compared to a 
control group. Starter and hay consumption was slightly less 
for the enzyme-supplemented group. 
Fries et al. (1958) found no increase in rate of growth 
when milk replacers, composed of plant materials, were pre-
digested with 1% malt diastase, 0.2/2 papain or a combination 
of these treatments. The feeding of papain produced dele­
terious effects as evidenced by decreased growth rate and 
appetite and increased mortality. Supplementing milk re­
placers, composed primarily of either (l) dried skim milk and 
dried whey or (2) soy flour and cere lose, with 0.5;e pepsin 
(1:3000 N.F.) had no effect on rate of gain, while pepsin 
supplementation by Lassiter (1959), in later studies at the 
same station, resulted in slightly decreased rate of growth, 
starter consumption end feed efficiency. No explanation was 
given for the inferior performance of the pepsin supplemented 
calves in the latter experiment. 
Predigestion of flaked corn and oat flour with d- and 
A-amylase did not Improve the utilization of these feeds by 
calves when fed in milk replacers (Dollar end Porter, 1957). 
Fungal amylase fed with dextrin or starch (fed as a milk re-
placer) did not increase the blood reducing sugar level in 
calves, while pancreatic diastase fed with dextrin increased 
blood sugar levels slightly (Okamoto et si.., 1959). Netke 
et al. (1960) obtained a slight improvement in rate of gain 
when a milk replacer containing starch was supplemented with 
an amylolytic enzyme. 
Ruminant rations 
The first experimental work using enzymes in ruminant 
rations was that of Burroughs et al. (1959). These workers 
found that the addition of an enzyme preparation (Agrozyme) 
to beef cattle fattening rations containing dry corn (10;% to 
14# moisture) improved liveweight gain and feed efficiency 
l'c/b and 7/0, respectively. Little or no benefit was obtained 
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when the enzyme wag added to rations containing high-moisture 
corn (19£ to 30/c moisture) . 
The results of ten group feeding trials to investigate 
the value of adding Agrozyme to beef cattle rations were 
summarized by Burroughs et al. (1960a). The enzyme was fed 
at the rate of either 0.0075 or 0.015 lb. per animal per day 
with both fattening and growing rations. Liveweight gains 
were increased 7%, on the average, when the enzyme was added. 
In general, little or no influence upon feed consumption was 
noted. Feed required per unit of gain was reduced 6/2, on the 
average, in the ten experiments. Enzyme supplementation im­
proved rate of gain in eight of the ten feeding trials. The 
response to the enzyme did not appear to be affected by the 
age or sex of the cattle nor the proportion of roughage to 
concentrate in the ration. 
Burroughs ejt al. ( 1960b) reported six experiments in 
which cattle fed rations supplemented with a proteolytic 
enzyme (ficin) gained 5/c faster than the control cattle. 
Beeson _et al. (I960) conducted three feeding trials to 
study the value of four different enzymes (Agrozyme, Diazyme, 
Ta^amine HT-550F and Zymo-Pabst) for fattening yearling cattle 
on pasture and in dry lot. Their results indicated no improve­
ment in rate of gain or feed efficiency due to the enzyme sup­
plements . 
Perry et al. (1960) reported that liveweight gains of 
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beef steers were depressed from 6/3 to 20;a when any one of 
three commercial enzymes (Agrozyme, Dia.zyme or Takamine 
HT-550F) was added to either low or high moisture corn 
rations. 
Nelson and Catron (1960) conducted eight experiments 
with 532 steers in which five different enzyme preprrations 
were fed with and without diethylstilbestrol. All rations 
containing enzymes (except two where low levels of enzyme 
were used) resulted in improved body weight gains and feed 
utilization when fed with diethylstilbestrol. Only one enzyme 
improved gains without diethylstilbestrol. The addition of 
one pound of soybean oil meal per day to increase the protein 
level had no effect on the enzyme response. 
Ward et al. (1960) found no significant improvement in 
rate of gain or feed efficiency when Hereford heifers were 
fee. either an amylolytic enzyme or a combination of smylo-
lytic and proteolytic enzymes. 
Hovics end Ely (1962) fed fattening steers and heifers 
a high silage ration and a low silage-high corn ration sup­
plemented with 0.01 lb. per head per day of a bacterial-
fungal enzyme supplement (Kopgro). Enzyme supplementation 
produced slight improvements in rate of gain and feed effi­
ciency in both experiments. 
Wing and Wilcox (I960) fed 5 or 6 pounds of prain per 
day to 40 dairy heifers grazing on Dallis grass pasture for 
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90 days. The grain fed to one-half of the heifers v;as sup­
plemented with en enzyme containing protease, amylase and 
gumase zt levels similar to those fed by Burroughs (1960a). 
There was no significant difference in rate of gain between 
the control and enzyme supplemented groups. 
A fungal cellulose added to rumen fluid greatly enhanced 
cellulolytic activity as measured by change in viscosity of 
ca.rboxymethylcellulose solutions (Leathsrwood, 1950). How­
ever, the enzyme when fed at the same level to dairy calves 
had no effect on feed utilization as measured by body weight 
gain. Digestion trials with sheep showed the enzyme to have 
no effect on apparent digestibility of ration constituents. 
Grainger and Stroud (1960) found significant increases 
in dry matter, crude cellulose and crude protein digestibility 
and nitrogen retention when wethers were fed semi-purified 
diets supplemented with a combination of gumase, amylase and 
protease. Crude protein digestibility and nitrogen retention 
were enhanced when each of the enzymes was fed alone, while 
gumase and amylase fed singly improved dry matter and crude 
protein digestibility. 
Theurer (1960) found that Agrozyme had no significant 
effect on total ration digestibility and nitrogen retention 
in lambs and steers fed corn, soybean oil meal and alfalfa 
hay. Likewise, Tillman (I960) found no effect of enzyme 
supplementation upon ration digestibility or nitrogen retention 
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in cattle fed a ration in which most of the nitrogen was 
supplied by cottonseed meal. 
There were no differences in rumen ammonia production 
in fistulsted lambs given casein, zein or Brackett protein 
with or without Agrozyme or ficin (Theurer, I960). In vitro 
studies with ficin and Agrozyme maintained in rumen liquor 
indicated that most of the activity of the enzymes was lost 
within s few hours. 
Several amylolytic, proteolytic and cellulolytic enzyme 
products of bacterial and fungal origin were tested by Bowden 
and Church (19 5a) for their effect upon cellulose digestion 
in the artificial rumen. The results indicated that the 
digestion of purified cellulose and cellulose in barley straw 
was improved by the enzyme supplements. However, consider­
able variation existed between trials and the level of enzyme 
appeared to be critical. Treatment of the enzyme preparations 
to remove the enzymatic activity did not eliminate the in­
creases in cellulose digestibility. This evidence suggested 
that the responses were not due to enzymatic activity, per se. 
A similar hypothesis was suggested by the work of Grelg 
(i960), which also indicated that some non-enzymatic factor(s) 
in crude enzyme supplements may be responsible for increased 
cellulose digestion. 
Ralston ejt _al. (196k;) used the nylon bag technique to 
test the digestibility of low quality roughage in rumens of 
27 
steers receiving semi-purified diets. Five grams of pectin-
ase, XC597, HT Protease, a fungal protease or a fungal amylase 
were introduced into the rumen daily. Small differences 
were found in digestibility of crude fiber, cellulose end 
ether extract. Protein digestibility was extremely variable 
within treatments. Fungal protease resulted in consistently 
higher digestibilities of all ration components, but this was 
not significant at the 5..L level of probability. 
ward _et_ al. (i960) found no differences in total rumen 
volatile fatty acids or in the proportions of acetic, pro­
pionic and butyric acid present when Hereford heifers were 
fed rations with and without added emylolytic and proteolytic 
enzymes. There was also no effect on the.volatile fatty acid 
composition of rumen liquor from fistulated steers being fed 
60,c concentrates and 40/= roughage when amylolytic and proteo­
lytic enzymes were fed individually or in combination. 
Yang et al. (1962) obtained samples of the rumen contents 
of 3;c-day-old calves receiving starter containing either steam-
rolled or dry-cracked grains, half of which were supplemented 
with Agrozyme. There was no significant difference in the 
proportion of rumen volatile fatty acids (acetic, propionic 
and "butyric and higher acids") as a result of enzyme supple­
mentation. Likewise, there were no differences in the pH of 
the rumen contents. Steaming the grain, however, increased 
the i..olar percentage of propionic acid and produced a corre-
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spending decrease in the butyric and higher acids. Feed con­
sumption and rate of growth to either 8 or 16 weeks of age 
were not affected by enzyme supplementation or steaming of 
the grains. 
Supplementing the rations of lactating cows, receiving 
either 10 or 20 pounds of grain per day, with Agrozyme in­
creased the levels of acetic, propionic and butyric acids in 
the rumen (Brown and Tucker, 1962). However, Agrozyme had no 
effect on in vitro production of the scids during incubation 
of rumen fluid for 2 hours with or without added glucose. 
Poultry rations 
iviost of the research concerning the use of dietary 
enzymes in poultry reeds has been conducted in the past six 
years. However, there were a few early reports on the use of 
enzymes in chick rations such as Harvey (1925) and Clickner 
and Frollwell (1926). These workers observed an increased 
rate of growth of chic&s fed fun.-al protease enzyme prepara­
tions . The benefit obtained from the enzyme, per se, can not 
be considered conclusive,' however, since ve know today that 
the rations wnich these workers fed were deficient in certain 
B vitamins which may have been furnished by the enzyme 
product. 
Hastings (1946; octained improved rate of growth and 
feed efficiency by the addition of ? diastatic enzyme to a 
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high-fiber chick, diet. The enzyme had no effect on a low-
fiber diet. 
kore recently, poultry nutritionists in Washington and 
Oregon have improved rations containing barley by the addition 
of various enzymes and by water treatment of barley. Fry et 
al- (1958) found that the addition of 0.5, 1.0 and 2*0 grams 
of Clarase (a fungal amylase) produced a marked improvement 
in growth and feed efficiency when added to chick and poult 
rations containing a. high percentage of barley. No response 
to the enzyme was noted when corn, wheat or oats replaced the 
barley. Supplementing chick rations containing brrley with 
a mixture of Takadiastase and Clarase improved 4-week growth 
11% to 11% over the unsupplemented barley ration according 
to Jensen et_ al. (1957). 
Leong et al. (1958) found the metabolizable energy of 
pearled barley for chicks to be 1-370 Calories per pound. 
When pearled barley was supplemented with 2 gm. Clarase per 
pound, the metabolizable energy was increased to 1696 Calories 
per pound, while water treatment of the barley increased this 
value to 1726 Calories per pound without enzyme supplementa­
tion. 
iviiner and Denton (1957) found a slight improvement in 
practical .corn and oats diets for turkey poults when .0005% 
pepsin and/or .0005,2 pancreatic lipase were included in the 
diets. A slight depression in growth occurred when the same 
30 
basal diets were supplemented with 0.1% d -ajmylase. 
3alioun and Baker (1957) obtained no response to various 
proteolytic enzyme supplements (pepsin, ficin, Rhozyme P-6, 
Rhozyme P-ll and pancreatin) when a diet containing 52.5S corn 
was fed to chicks• 
Cellulase, protease, amylase and pectolytic enzymes fed 
with high fiber chick diets containing 20/3 to 53/t wheat middl­
ings resulted in improved rate gain (Fritz et el., IS59). 
None of the diets were equal to a corn diet, however. 
Leong et al. (1959) supplemented turkey rations contain­
ing barley with 2 to 8 mg. of a crystalline protease (Nagarsse) 
per pound of feed. All levels of enzyme were effective in 
improving rate of growth. The response was even greater when 
the crude enzyme was fed, suggesting that more than one enzyme 
was involved. 
Results have been less consistent when enzymes were added 
to rations for adult birds. The addition of a mixture of 
amylases to barley rations for breeding hens improved produc­
tion and feed efficiency in studies by Nelson end Hut to 
(1953). The added enzyme also g?ve a significant increase 
in hatchability. 
Berg (1961) included Agrozyme in the diet of pullets, 
beginning at 0, 8, or 21 weeks of age. An improvement in 
rate of growth was noted only in the pullets under 8 weeks of 
age. There was no improvement in egg production, egg weight 
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or hatchability of the eggs due to the enzyme. Enzyme sup­
plementation improved the litter condition up to 21 weeks of 
age. 
Laerdal et al. (1959) noted that some Midwestern barleys, 
which normally give relatively good growth, were not signifi­
cantly improved by enzyme supplements. On the other hand, 
West Coast barleys, which usually give poorer growth, were 
improved by enzyme supplementation. 
Wlllingham et al. (1959) studied the response to barley 
from 11 different geographical areas. As measured by chick 
growth barley grown in the East or Midwest did not show the 
magnitude of response to enzymes and water treatment that West 
Coast barleys did. However, some enzyme response was obtained 
with all samples of barley. The variation in response could 
not be correlated with differences in proximate analysis. 
Swine rations 
Research indicating that the proteolytic and amylolytic 
enzyme systems are not fully developed in the baby pig has 
been discussed earlier in this review. These findings lead 
Catron et, al. ( 1957) to initiate a series of experiments to 
determine the feasibility of enzyme supplementation of swine 
rations. The response of baby pigs to pepsin in 18 experi­
ments was quite variable when 50$ of the protein In the diet 
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was from soybean oil meal, but the optimum level of pepsin 
(1:3000 N.F.) supplementation appeared to be 0.25,52 of the 
diet. This level increased rate or gain and feed efficiency 
7/6 and 4,6, respectively. Supplementing casein-corn starch 
diets with animal diastase and a fungal amylase (Rhozyme 33) 
improved rate of gain and feed efficiency only slightly. 
Lewis et al. (19 57) conducted a series of experiments 
in wnicl'i basal diets composed mainly of Drackett 0-1 assay 
protein, corn starch, sucrose and dextrose were supplemented 
with either pepsin (1:3000 N.F.), pancreatin (U.S.p.) or 
Star-Zyme P. Pigs fed the basal diet supplemented with pepsin 
or pancreatin had faster rates of gain than those fed the 
unsupplemented basal diet. However, the enzyme supplemented 
diets were not equal to diets in which 40$ of the diet was 
composed of dried skim milk as a. substitute for part of the 
Drackett protein and lactose in the basal diet. Star-Zyme P 
gave little response. In general, enzyme feeding improved 
rate of cain and feed efficiency, but the response was not 
consistent between trials. 
When baby pig diets containing Drackett C-l assay pro­
tein were supplemented with pepsin, pancreatin, Rhozyme B-S, 
Rhozyme P-ll or kycozyme, improvements in rate of gain and 
feed efficiency were noted for pi^s up to 3 weeks of age 
(Baker, 1959). The enzymes produced less improvement to 8 
weeks of age. There were no improvements when the basal 
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diets were supplemented with papain. 
Keagle (1960) obtained variable responses in four experi­
ments when corn-soybean oil meal rations for baby pigs were 
supplemented with proteolytic enzymes of bacterial and fungal 
origin. In one experiment, enzyme supplementation slightly 
improved rr-te of gain, but did not improve feed efficiency. 
There were no responses to the enzymes in the other three 
experiments. 
Nielsen (1960) found no benefit when barley or corn 
rations for growing-finishing pigs were supplemented with 
0.45 grams of Zymo Pabst per pound of ration. 
Cunningham and Bris son (1957b) conducted feeding pnd 
digestion trials to determine the value of feeding 5 mg. per 
day, each, of pepsin (1:10,000) end pancreatin to caby pigs 
on diets containing soybean oil meal or fishmesl. Enzyme 
supplementation had no effect on growth of the pigs or 
digestibility of the proteins. Soybean protein predigested 
with pepsin resulted in severe diarrhea and death of 2-day-
old pigs. Supplemental pancreatic or malt amylases did not 
improve the utilization of raw or cooked starch by baby pigs 
(Cunningham and Brisson, 1957a). 
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EXPERIMENTAL 
Enzyme Supplementation of Milk Replacers 
Exploratory feeding experiments 
Exploratory feeding experiments were conducted to deter­
mine if satisfactory growth could be obtained when calves 
were fed milk replacers, composed in part of materials of 
plant origin, when supplemented with various commercial enzyme 
concentrates. The enzyme concentrates were fed either singly 
or in combination and were added to the liquid milk replacers 
at the time of feeding. Feeding was by nipple pail to calves 
from 4 to 88 days of age. Thus, most of the milk replacer 
and enzyme passed directly into the abomasum, by-passing the 
retlculo-rumen. The composition of the milk replacers, which 
were combined with water (1:6) at feeding time, is given in 
Table 1. 
Four-day-old Holstein, Brown Swiss and Jersey male and 
female calves were allotted at random to the various treat­
ments . The calves were weighed at 4 days of age and weekly 
thereafter. The amount of liquid milk replacer fed was 
adjusted weekly according to body weight of the calf as indi­
cated in Table 2. The calves were offered alfalfa hay and 
starter, ad libitum, throughout the 12-week period. The com­
position of the starter was 40$ coarsely ground shelled corn, 
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Table 1. Composition of milk replacers 
Milk replacer5 
I II III 
lb. 
Dried skim milk 12 12 17 
Soy flour-whey^ 50 50 
Dried whey 20 
Corn distillers dried solubles 20 17.5 
Finely ground corn 25 
Soy flour 20 
Lard oil 18 18 18 
Mineral mixture0 2.5 
aA vitamin-antibiotic mixture was added to the milk 
replacer at feeding time. This supplied 50 mg. aureomycin, 
960 I.U. vitamin D and 10,000 I.U. vitamin A daily to each 
calf. 
^54$ extracted soybean flour, 46$ dried whey. 
°1 lb. Iodized salt, 1.3 lb. dicalcium phosphate, 
0.2 lb. trace minerals. 
Table 2- Milk replacer feeding schedule, pounds liquid milk 
replacer (1:6) per 100 lb. body weight 
Weeks 
1 2 3 4 5 6 7 8 9 10 11 12 
8 9 10 10 10 10 10 9 8 8 7 6 
I 
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27$ crushed oats, 20$ soybean oil meal (44$ protein, solvent 
process), 10$ liquid molasses, 2$ dlcalcium phosphate and 1$ 
Iodized salt. The amount and type of enzymes fed with the 
i various milk replacers are given in Table 3. A more detailed 
| description of the enzyme concentrates is given in Tables 26 
and 27 in the Appendix. 
The results of the feeding trials are summarized in Table 
3. Table 28 in the Appendix presents data on Individual 
calves. The milk replacers containing nutrients of plant 
origin did not give satisfactory rates of body weight gain 
when compared to whole milk. This is In agreement with the 
findings of Nolier et al. (1956) and Ratcliff (1958). The 
addition of enzymes at the levels employed herein did not 
appreciably improve the value of the milk replacers. There 
were no apparent adverse effects such as diarrhea and retarded 
growth due to the use of the enzymes as reported by Fries et 
al. (1958) and Williams and Knodt (1951), who fed papain. 
Blood reducing sugar studies 
Experimental animals and treatments Two calves, which 
were normally fed liberal amounts of whole milk (10$ of body 
weight) and starter ad libitum, were given maltose, along 
with various amounts of amyloglucosidase, on nine different 
days from 20 to 60 days of age. The maltose (2 g. per pound 
of body weight) was dissolved in water and given by nipple 
Table 3. Body weight gain and feed intake of calves fed milk replacers supple­
mented with various enzyme concentrates from 4 to 88 days of age 
Milk 
Number 
of 
Enzyme supplement replacer calves 
Av. feed Intake, lb. 
Av. Av. Milk Av. 
initial daily replacer feces 
weight gain (liquid) Starter Hay index0 
lb. lb. lb. lb. lb. 
BP100+BA100 I 2 98 1.05 880 91 16 47 
BP100+BA100 II 1 93 1.08 852 119 16 11 
FPlOO+FAlOOAglOO I 2 108 1.25 1037 92 37 19 
F P100+FA 100+Ag 100 II 2 108 0.70 871 58 50 27 
FP100 I 2 93 1.19 883 85 44 20 
FP100 II 2 87 1.00 845 90 11 26 
Brome lin 100 I 2 74 1.10 910 93 26 30 
Bromelin 100 II 1 70 0.86 812 82 15 26 
Av., all above 
groups I 8 94 1.15 910 93 31 30 
Av., all above 
groups II 6 92 0.86 812 82 27 26 
^Numbers refer to mg. of enzyme concentrate fed per lb. of dry milk replacer. 
BP = bacterial protease concentrate (Batch #628); BA = bacterial amylase concen­
trate (Batch #133); FP = fungal protease concentrate (Batch #346); FA = fungal 
amylase concentrate (Batch #366); Ag = amyloglucosidase (Batch #5-19-59). Descrip­
tion of the enzyme concentrates is given in Tables 26 and 27 in the Appendix. 
^Daily observations were made of feces consistency. Ratings ranging from 0 
(normal) to 4 (very severe diarrhea) were given. Feces index = total of all fecal 
consistency scores divided by the number of calves in the group. 
Table 3. (Continued) 
Av. feed intake. lb. 
Number Av. Av. Milk Av. 
Milk of initial dally replacer feces 
Enzyme supplement replacer calves weight gain ( liquid) Stai Hay index 
lb. lb. lb. lb. lb. 
No enzyme added I 5 87 1.05 801 104 23 20 
No enzyme added II 5 86 1.22 821 116 28 11 
FPlOO+FAlOO+AglOO III 1 75 0.93 648 91 23 6 
FP100+ FA100+Ag200 III 1 85 0.98 901 138 24 40 
FP100+FA50+Ag150 III 1 108 0.68 708 74 7 1 
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pall after a 12- to 14-hour fast. The amyloglucosldase was 
added to the maltose solution immediately before feeding. 
The amount of maltose and enzyme added each day is given in 
Table 5. 
Three calves which were raised on whole milk, starter 
and hay were fed each of three test meals on separate days 
during the time they were 10 to 20, 30 to 40 and 50 to 60 
days of age. The test meals were: (1) whole milk, 5% of the 
calf's body weight; (2) a gruel (1/3 soy flour and 2/3 finely 
ground corn diluted 1:6 with water), 3 g. of the dry corn-
soy flour mixture being fed per pound of body weight; and 
(3) the same gruel with 1 mg. amyloglucosldase and 1 mg. 
fungal amylase concentrate added per gram of dry meal imme­
diately before feeding. Each of the three test meals was 
fed to each calf once during each 10-day period according to 
the sequence listed in Table 4. The test meals were given 
at least 2 days apart. Feeding was by nipple pail at about 
7 a.m. after a 12- to 14-hour fast. 
Collection and analysis of blood 
Approximately 15 ml. of blood were taken from the 
jugular vein before feeding and at 1, 2, 4, 6, 8 and 10 
hours after feeding. Fifty mg. of potassium oxalate and 
150 mg. of sodium fluoride were added to the collection 
flask to prevent clotting and glycolysis. 
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Table 4. Sequence of milk, gruel and enzymea feeding to 
calves*3 in blood reducing sugar study 
Age, 
days Calf 6018-2 Calf 4910 Calf 4884 
10 to 20 Gruel + enzymes Milk Gruel 
Gruel Gruel Milk 
Milk Gruel + enzymes Gruel + enzymes 
30 to 40 Gruel Gruel Milk 
Milk Gruel + enzymes Gruel + enzymes 
Gruel + enzymes Milk Gruel 
50 to 60 Milk Gruel + enzymes Gruel + enzymes 
Gruel Milk Gruel 
Gruel + enzymes Gruel Milk 
al mg. amyloglucosldase (Batch 5-19-59) and 1 mg. fungal 
amylase concentrate (Batch #366) per gram of air dry ingre­
dients used in the gruel. Description of the enzyme concen­
trates is given in Tables 26 and 27 of the Appendix. 
^Calf 6018-2, Holstein male, born 11-24-59, birth weight 
82 lb.; Calf 4910, Brown Swiss female, born 12-24-59, birth 
weight 87 lb.; Calf 4884, Brown Swiss male, born 11-3-59, 
birth weight 105 lb. 
A protein-free filtrate was prepared from 1 ml. of whole 
blood and analyzed for total reducing sugar according to 
Nelson (1944). 
Results Blood reducing sugar levels were lowest Just 
before feeding and the maximum level usually occurred at 1 or 
2 hours after feeding. Table 5 shows the maximum increase, 
over the prefeeding reducing sugar level, on each day that 
maltose was fed to calves 5072 and 5073. 
The maximum increase in blood reducing sugar obtained 
41 
Table 5. Maximum increase in blood reducing sugar level 
following Ingestion of maltose with and without 
amyloglucosldase8. 
Calf Maltose Enzyme Maximum increase in 
no.b Age fed fed blood reducing sugar 
days g» g- mg./lOO ml. 
19 136 13-6 110.2 
24 136 none 36.1 
28 140 7.0 97.6 
31 140 none 0 
45 200 5.0 65.3 
49 200 none 15.2 
52 210 5.0 65.7 
59 220 1.1 23.5 
63 200 none 37.0 
13 136 none 19.1 
18 136 13.6 98.2 
24 140 none 15.5 
27 140 7.0 82-6 
39 186 none 38.2 
43 186 4.7 46.8 
47 200 none 21.7 
54 none 5.0 -7.5 
58 210 1.1 37.5 
aBatch #F-782A, see Tables 26 and 27 in the Appendix. 
^Calf 5072, Ayrshire male, born 2-25-61, birth weight 
62 lb.; Calf 5073, Guernsey male, born 3-3-61, birth weight 
70 lb. 
when unsupplemented maltose was administered is in agreement 
with the values reported by Dollar and Porter (1957) and 
Huber et al. (1961b). The limited data indicate that the 
addition of one part amyloglucosldase to 10 or 20 parts of 
maltose caused a marked increase in blood reducing sugar 
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values in calves under 40 days of age. Feeding 1 part amylo­
glucosldase to 40 parts maltose during the period from 40 to 
52 days of age appeared to have considerable influence upon 
the response of calf 5072 but produced less response in calf 
5073. One part amyloglucosldase to 200 parts maltose appeared 
to have little effect on the blood reducing sugar levels of 
58- to 63-day-old calves, since the responses with and without 
amyloglucosldase supplementation were little different from 
those reported by Huber _et al. (1961b) for 60-day old calves 
fed maltose. 
It is difficult to determine if the differences in blood 
glucose levels obtained with different levels of amylogluco­
sldase supplementation are due to the enzyme levels or differ­
ences In age. This problem should be studied further with more 
calves given several levels of amyloglucosldase at various 
ages. 
These data show that maltose can be utilized by the calf 
provided enzymes capable of hydrolyzlng the maltose are 
present in the digestive tract. The levels of supplemental 
enzyme used in these studies were much too high to be of any 
value on a practical basis, however. The data indicate that 
at least 1 g. of the amyloglucosldase concentrate used in 
these experiments is required to appreciably raise the blood 
reducing sugar level when maltose is fed to calves over 50 
days of age. It is possible that lower levels of enzyme 
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supplementation could Increase maltose utilization by younger 
calves. 
The mean changes in blood reducing sugar levels after 
ingestion of milk, corn-soy flour gruel or gruel plus fungal 
amylase and amyloglucosldase are given in Table 6. There vas 
some increase in blood reducing sugar levels after feeding 
the corn-so y flour gruel to calves 10 to 20 days of age. 
Table 6. Mean change in blood reducing sugar levels after 
ingestion of milk or gruel* 
Pre-
Mean feedlng Hours after feeding 
Test meal age level 1 2 4 6 8 10 
mg./ 
days 100 ml. increase, mg./100 ml. 
Who le 15 70.0 27.5 25.0 28.9 4.3 13.1 16.4 
milk 35 83.5 26.4 27.0 5.3 2-0 10.0 7.5 
55 68.2 47.9 54.3 16.3 8.7 5.3 9.4 
Corn- 15 76-6 11.9 15.8 6.4 14.7 5.3 5.4 
soy flour 35 82.8 0.4 —4.7 —10.3 — 5*8 -3.5 —2* 5 
gruelb 55 58.3 0.2 —3«2 —3.5 -1.5 —0.3 —4.3 
Corn- 15 80-0 0-0 2.7 12.5 —1.5 —8.4 —13 > 0 
soy flour 35 73.2 7.1 —0.4 —3.1 4.5 o.o -3.0 
gruel + „ 55 68.6 0-0 — 5.2 —4.8 -3.6 -0.2 0.3 
enzymes' 
aEach value is the average of three determinations (one 
on each of three calves). 
bThe gruel was 1/3 soy flour and 2/3 finely ground corn 
diluted 1:6 with water. 
C1 mg. fungal amylase concentrate (Batch #366) and 1 mg. 
amyloglucosldase (Batch 5-19-59) per gram of dry corn-soy 
flour mixture. 
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However, the response was much less than that found after 
feeding whole milk. The feeding of corn-soy flour gruel 
failed to increase the blood sugar levels in calves over 30 
days of age. There was no response due to supplementation 
with the enzymes. 
Observations on the activity of 
microbial enzymes placed In the abomasum 
Changes In the pH of abomasal contents following various 
meals The pH of the abomasal contents, collected via an 
abomasal fistula, of a 9-month old calf* was determined at 
intervals after feeding various meals by nipple pail. The 
usual diet was whole milk fed twice daily by nipple pail. In 
addition to samples of abomasal contents taken after ingestion 
of whole milk, samples were taken when whole milk was replaced 
for one feeding at 2- to 4-day intervals by either dried skim 
milk, corn distillers dried solubles, corn starch, soy flour 
or a mixture of ingredients (39.8$ soy flour, 24# dried whey, 
10# corn starch, 10# corn distillers dried solubles, 15# lard 
oil, 0.5# dlcalcium phosphate, 0.5# Iodized salt and 0.2# 
trace mineral mixture) mixed with water (1:6, w/w). The 
liquids were fed at the rate of 5# of the calf's body weight. 
Two observations were made when water only was fed at the 
*The calf (6040-1, Holstein male) was born 3-12-60 and 
weighed 350 lb. at the time the experiments were conducted. 
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same rate. The pH of the abomasal contents was determined 
immediately after each collection. 
The pH of the abomasal contents before feeding ranged 
from 2-0 to 2-5. Figure 1 shows the pH curves obtained after 
feeding the various meals• Each meal was fed on either two 
or three different days and the curves were constructed from 
the mean values obtained on these days. Whole milk or dried 
skim milk had the greatest ability to reduce the acidity of 
the abomasal contents and to extend considerable buffering 
action over the 3-hour period. Ingestion of soy flour and the 
mixture of ingredients caused an initial rise in pH identical 
to the rise produced by whole milk and dried skim milk, fol­
lowed by a more rapid decline in pH. The corn distillers 
dried solubles raised the pH to near 4.3 after feeding and 
continued to buffer the contents near pH 4.0 during the 3-hour 
period. The pH rose to near 4.0 after ingestion of the corn 
starch solution or water alone, but then declined rather 
rapidly. 
The initial rise in pH might be attributed to dilution 
of the contents of the fasting abomasum. The sustained buf­
fering action produced by some of the meals is probably due 
to the proteins and products of protein hydrolysis in the 
solutions. 
Figure 1. pH changes of abomasal contents following ingestion 
of various meals by nipple pail 
Dried skim milk, soy flour, corn starch, corn 
distillers dried solubles, and the mixture was 
mixed with water (1:6, w/w)• The mixture was 
39.8# soy flour, 24# dried whey, 10# corn starch, 
10# corn distillers dried solubles, 15# lard oil, 
0.5# dicalclum phosphate, 0.5# iodized salt and 
0.2# trace minerals. 
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Stability of supplemental amylase and amyloglucosldase 
In the abomasum Enzyme activities of samples taken from 
the abomasum were determined at Intervals after feeding (by 
nipple pall) 12 pounds of milk replacer* containing either 
1.4 g. of bacterial amylase concentrate or 2.8 g. of amylo­
glucosldase concentrate. The calf** used for these studies 
had an abomasal fistula and was 8 months of age at the time 
the tests were made. The usual diet of the calf was whole 
milk fed twice daily. 
Samples were obtained via the abomasal fistula and were 
immediately diluted with 19 parts of water. One milliliter 
of the diluted abomasal contents was then added to each of 
two test tubes, each containing 9 ml. of a 0.3# soluble 
starch solution prepared in 0.05 M phosphate buffer (pH 6.8) 
with 0.03# NaCl. Enzyme hydrolysis was stopped Immediately 
in one test tube (tube l) by the addition of 4 ml. of 0.3 N 
Ba(0H)g and 4 ml. ZnSO^. After standing for 20 minutes the 
solution was filtered. The other test tube (tube 2) was 
incubated for 30 minutes at 37°C. before hydrolysis was 
stopped in the same manner. Reducing values were determined 
on the filtrates by the method of Nelson (1944). The in­
crease in reducing sugar level during the 30-mlnute incuba-
*The composition of the milk replacer is given in Table 
7 • 
**The calf (6040-1, Hoistein male) was born 3-12-60 and 
weighed 315 lb. at the time the experiment was conducted. 
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Table 7. Relative enzyme activity of abomasal contents 
after feeding amyloglucosldase or bacterial 
amylase concentrate 
Bacterial amylase^ Amyloclucosidase^ 
Relative Relative 
Mln. amylase pH of amyloglucosldase pH of 
after activity abomasal activity abomasal 
feeding (pH 6.8) contents (pH 6.8) contents 
1 1.00 5.8 1.00 5.8 
30 0.60 5.2 1.00 5.0 
60 0.36 4.6 1.00 4.5 
90 0.28 4.3 0.66 4.2 
120 0.20 4.2 0.40 3.7 
180 0.10 3.5 0.10 3.5 
a1400 mg. bacterial amylase concentrate (Batch #133) fed 
with 10 lb. water and 2 lb. milk replacer composed of 39.8 
lb. soy flour, 24 lb. dried whey, 10 lb. corn starch, 10. lb. 
corn distillers dried solubles, 15 lb. lard oil, 0.5 lb. 
dlcalcium phosphate, 0.5 lb. iodized salt and 0.2 lb. trace 
mineral mixture. Description of the enzyme concentrate is 
given in Tables 27 and 28. 
^2800 mg. amyloglucosldase (Batch #5-19-59) fed with 
water and milk replacer as above. 
tion period (tube 2 - tube l) was considered a measure of the 
enzyme activity. Relative enzyme activities and the pH 
values of the abomasal contents are given In Table 7. Each 
value is the mean of values obtained on two different days 
following administration of bacterial amylase and two differ­
ent days following administration of amyloglucosldase. The 
data show that the bacterial amylase is rapidly inactivated 
in the abomasum while the amyloglucosldase is less susceptible 
to lnactlvatlon. These results might be expected since the 
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bacterial amylase is known to be Inactivated at low pH, while 
the amyloglucosldase remains active even at pH 2.O.* 
Enzyme Supplementation of Calf Starters 
and Heifer Rations 
Procedure 
Procedures common to experiments I through IV A 
series of four experiments was conducted to determine the 
effect of supplementing calf starters and grain rations for 
heifers up to 6 months of age with commercial enzyme concen­
trates. 
The calves remained with their dams for 4 days after 
birth and were then transferred to individual stalls bedded 
with wood shavings. Each calf was weighed when placed on 
experiment and at weekly intervals thereafter for 12 weeks. 
When the experiment extended beyond 12 weeks, body weights 
were taken on three consecutive days at the end of the 12-
week period and every 28 days thereafter. 
In experiments II, III and IV height at withers was 
measured at 4 days of sge and every 28 days thereafter. 
Calves were made to stand as squarely as possible and the 
average of three measurements, read to the nearest one-tenth 
centimeter, was taken as the measurement for that day. 
*L. A. Underkofler, Miles Chemical Company, Clifton, New 
Jersey. Data concerning enzyme activity. Private communica­
tion. 1961. 
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Milk from Holsteln cows In the Iowa State University herd 
was fed twice daily by nipple pall for 7 weeks In Experiment I 
and for 4 weeks In Experiments II, III and IV. Each calf 
received 50 mg. Aureomycin, 10,000 I.U. vitamin A and 960 
I.U. vitamin D daily with the milk. Starter and hay were fed 
free choice• Any starter or hay remaining in the feeder was 
weighed and discarded every 7 days. The composition of the 
starter was: 40 lb. coarsely ground shelled corn, 27 lb. 
crushed whole oats, 20 lb. soybean oil meal (44# protein, 
solvent process), 10 lb. liquid blackstrap molasses, 2 lb. 
dicalcium phosphate, 1 lb. iodized salt and 68 g. of a trace 
mineral mixture. When no hay or milk was fed, 70,000 I.U. 
vitamin A and 8,800 I.U. vitamin D were given to each calf 
weekly in the starter. The enzyme concentrates were mixed 
with a carrier (either dlcalcium phosphate or finely ground 
corn) and mixed with the starter at the time of feeding. 
A detailed description of the enzyme concentrates used 
in these experiments and in experiments V and VI is given in 
Tables 26 and 27 of the Appendix. 
The consistency of the feces of each calf was observed 
and recorded daily. 
Experiment I Thirty-two female calves were divided 
into four groups, as listed in Table 8, to determine the 
effect of feeding autoelaved and non-autoclaved starter with 
and without supplementation with a combination of proteolytic 
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Table 8. Design of experiment I 
Group 
Number of 
calvesa Kind of starter 
Enzyme b 
supplement 
Av. initial 
weight, lb. 
1 8 Non-auto c lav ed no 89 
2 8 Non-autoclaved yes 88 
3 8 Autoclaved no 93 
4 8 Autoclaved yes 87 
aEach group was composed of eight ferns le calves (six 
Holstelns, one Ayrshire and one Brown Swiss). 
b Group s 2 and 4 received enzyme concentrates added to 
each pound of starter as follows: 100 mg. fungal amyloglu­
cosldase (Batch 5-19-59) and 50 mg. each of bacterial amylase 
concentrate (Batch #133), bacterial protease concentrate 
(Batch #628), fungal amylase concentrate (Batch #366) and 
fungal protease concentrate (Batch #346). 
and amylolytlc enzyme concentrates of bacterial and fungal 
origin. Whole milk was fed twice daily by nipple pail for 7 
weeks. 'The pounds of milk fed daily per 100 pounds of body 
weight for weeks 1 to 7, respectively, were: 8, 9, 10, 10, 
8, 6 and 4. 
The starter fed to groups 3 and 4 was autoclaved (before 
adding the enzymes) for 30 minutes at 15 p.s.i. Groups 2 
and 4 received a combination of amylolytlc and proteolytic 
enzyme concentrates as described in Table 8. 
Experiment II Thirty-two Holsteln calves were 
divided into four groups with five males and three females 
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per group to determine the effect of three different levels 
of bacterial protease supplementation. Group 5 received no 
enzyme supplement and groups 6, 7 and 8 received 25, 50 and 
100 mg. of bacterial protease concentrate (Batch #B-22A/B) 
per pound of starter, respectively. 
Each calf was on experiment for 24 weeks. Whole milk 
was fed twice dally for 4 weeks; the pounds of milk fed dally 
per 100 lb. of body weight for weeks 1 through 4, respec­
tively, were: 8,8, 8 and 4. The starter was fed ad libitum 
for 16 weeks and limited to 4 lb. per day from 16 to 24 
weeks. Second cutting alfalfa hay was fed ad libitum during 
weeks 13 through 24. No hay was fed during the first 12 
weeks. 
Experiment III Bacterial amylase and protease con­
centrates were fed in various combinations to give three 
widely different levels of amylase activity while the pro­
tease activity was held relatively constant. In addition, 
one-half of the calves receiving each of the three levels 
of amylase activity were fed 100 mg. amyloglucosldase per 
pound of starter. Thirty-two male and female Holstein calves 
were allotted to treatments as described in Table 9. Each 
calf was on experiment for 16 weeks. Milk, starter and hay 
were fed as described for the first 16 weeks of experiment II. 
Experiment IV This experiment was designed to deter­
mine an optimum level of bacterial protease supplementation 
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Table 9. Design of experiment III 
No. of Protease Amylase , 
Group calvesa concentrate13 concentrate0 Amyloglucosldase 
mg./lb. starter 
9 4 40 0 0 
10 4 40 0 100 
11 4 20 65 0 
12 4 20 65 100 
13 4 0 130 0 
14 4 0 130 100 
15 8 0 0 0 
aEach group Included equal numbers of males and females 
(Holstelns). 
^Bacterial protease concentrate (Batch #X-2A). 
^Bacterial amylase concentrate (Batch #F-782A). 
aFungal amyloglucosldase (Batch #F-8496). 
for calves up to 6 months of .age. The design of the experi­
ment and the amount of bacterial protease supplementation are 
given in Table 10. 
Whole milk was fed for 4 weeks as described in experiment 
II. Starter was fed ad libitum up to a maximum of 4 lb. per 
day during weeks 1 through 12. During weeks 13 through 24, 
the calves received 4 lb. of a concentrate mixture (hereafter 
referred to as "grain") per day composed of 500 lb. ground 
shelled corn, 300 lb. ground oats, 100 lb. soybean oil meal, 
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Table 10. Design of experiment XV 
Group 
Number of 
calves" 
Bacterial protease concentrate1 
0-12 wk. 12-24 wk. 
fQ i—1 \
 
k starter or grain 
16 15 0 0 
17A 5 30 40 
17B 5 30 80 
170 5 30 120 
18A 5 50 40 
18B 5 50 80 
180 5 50 120 
19A 5 70 40 
19B 5 70 80 
190 5 70 120 
aBacterial protease concentrate (Batch #X-2A). 
^All calves were Hols teins. Group 16 contained nine 
females and six males; each of the other groups were com­
posed of three females and two males. 
9 lb. iodized salt and 18 lb. dicalcium phosphate. Second 
cutting alfalfa hay was fed free choice during weeks 6 through 
24. 
Experiment V Thirty-six Holstein heifers and bulls 
approximately 4 months of age were used to study the effect 
of a supplemental cellulase and to further evaluate the effect 
of bacterial protease on growth. The design of the 84-day 
experiment, in which three males and three females were 
allotted at random to six treatments, is given in Table 11. 
The animals were kept in individual box stalls bedded 
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Table 11. Design of experiment V 
Number Protease® Cellulase13 
of level, level, 
Group calves0 mg./day g-/day 
20A 6 0 0 
20B 6 0 1 1/2 
20C 6 0 3 
21A 6 320 0 
21B 6 320 1 1/2 
fclC 6 320 3 
^Bacterial protease concentrate (Batch #X-2A). 
^Takamine Cellulase 4000 (Batch #CF-1X) assayed 4000 
Cellulase units per gram. 
cEach group was composed of three Holstein females and 
three Holstein males. 
with wood shavings, and with free access to hay, for approxi­
mately 16 hours each day. They were turned outside In a paved 
lot where no feed was available for 8 hours each day. These 
calves received the same concentrate mixture (grain) that was 
fed In experiment IV to calves from 12 to 24 weeks of age. 
Four pounds of grain was fed daily (2 lb. twice daily). Brome 
grass hay (early bloom stage) was fed free choice. Fresh 
hay was given twice dally. Any hay remaining in the feeder 
at the end of each 7-day period was weighed and discarded. 
During a 14-day standardization period prior to the 
84-day experimental period, all calves were put in the indi­
vidual box stalls and fed hay and grain the same as during 
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the experimental period except no enzymes were fed. 
Body weights were taken on the last 3 days of the 14-day 
standardization period and on 3 consecutive days beginning 
on the 26th and 54th days of the experimental period. 
Experiment VI Digestion and nitrogen balance trials 
were conducted with 12 Holstein and Brown Swiss steers fed 
hay and grain. Concurrent with the digestion trials, samples 
of rumen fluid were analyzed for the volatile fatty acids, 
total nitrogen, ammonia nitrogen and non-protein nitrogen 
(NPN). 
Assignment and treatment of animals Twelve Hol­
stein and Brown Swiss steers, 6 to 7 months of age, were 
started on experiment at various times between September 26, 
1961 and March 6, 1962. Descriptive data for the steers are 
given in Table 42 of the Appendix. Two steers were started on 
experiment at the same time. One steer received a ration 
supplemented with bacterial protease concentrate, while the 
other steer received the control ration. The rations were 
fed as described in the "Experimental rations " section below. 
The experimental rations were fed in Individual stalls bedded 
with shavings for a 14-day preliminary period, followed by a 
7-day collection period In a digestion stall, another 14-day 
period in the box stall, and finally another 7-day collection 
period in the digestion stall. During the 7-day collection 
periods the steers were In steel stanchion-type digestion 
58 
stalls in which total collections of feces and urine were 
obtained. 
The steers were weighed on 2 consecutive days at the 
beginning of the preliminary period, once weekly during the 
experiment and on 2 consecutive days following the second 
collection period. 
Experimental rations The daily ration consisted 
of 3 parts second cutting alfalfa hay and 2 parts of a grain 
mixture composed of 81# ground shelled corn, 16# soybean oil 
meal, 2# dicalcium phosphate and 1# iodized salt. The enzyme-
supplemented ration contained 120 mg. of bacterial protease 
concentrate (Batch #100) per pound of grain. The enzyme con­
centrate was well mixed with the grain in a concrete mixer. 
Total daily feed intake for each steer was 2.5# of the body 
weight at' the beginning of the experiment. This was fed in 
equal portions twice daily. The grain was fed first and 
usually was consumed within 10 to 15 minutes after feeding. 
The time required to consume all the hay varied somewhat, but 
it was usually consumed within 1 1/2 to 2 hours. Any hay 
remaining after 2 hours from the beginning of the feeding 
period on the days when rumen samples were collected was re­
moved at that time. This occurred on only a few occasions 
and there was never more than 0.5 lb. hay refused. The feed 
boxes were constructed so that loss of feed was negligible. 
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Collection and treatment of samples 
Feces Feces were removed from the collec­
tion pan twice dally, weighed and thoroughly mixed with an 
electric mixer and a 2% aliquot was taken. All aliquots taken 
during each 7-day collection period were combined in a plastic 
bag and stored at -20°C. until analyzed. 
Before analysis, the feces were allowed to thaw for 
approximately 16 hours at 40°F. The 7-day composite sample 
was then mixed with the electric mixer. Aliquots of the wet 
feces were analyzed for total nitrogen by the macro-Kjeldahl 
method. Duplicate samples (approximately 150 g. each) of 
the wet feces were spread about 1/4 inch thick on 9-inch pie 
pans and dried to a constant weight for 24 hours at 64°C. in 
a forced air drying oven to determine percent dry matter. 
The feces were allowed to reach a constant weight in the 
laboratory (3 to 4 days were required) to determine the air 
dry weight. The air dry samples were ground in a Wiley mill 
with a 60-mesh screen and stored in self-sealing mason jars 
until analyzed for gross energy. 
Urine Urine was collected in 8-liter 
polyethylene carboys containing 80 ml. of a 1:1 mixture 
of concentrated HC1 and water to acidify the urine. The 
urine was removed from the carboys twice daily, diluted 
to the nearest 100 g. and a 1% aliquot taken. . The ali­
quot was added to a 7-day composite sample which was stored 
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at -20°C. until analyzed. 
Feed Representative samples of hay and 
grain were taken during each collection period. Samples were 
ground in a Wiley mill with 60-mesh screen and stored at room 
temperature in self-sealing mason jars until analyzed for 
total nitrogen, gross energy and dry matter. Since all steers 
were fed from the same lot of hay, a mean of the nitrogen and 
energy values determined on the individual samples was used 
to compute the nitrogen and energy intake of all steers. In 
like manner, mean values for each batch of grain mixed at the 
same time were used to compute the intake of nitrogen and 
energy of all steers receiving that particular batch of grain. 
Rumen fluid Samples of rumen fluid were 
obtained from each steer on the second and seventh day of 
each 7-day digestion trial. Samples were obtained from the 
six steers on each ration Just before the morning feeding end 
at 2, 4 and 6 hours after the beginning of the morning feed­
ing. Since it appeared that the peak in nitrogen concentra­
tion of the rumen fluid might occur prior to 2 hours, rumen 
samples were also taken for analysis of nitrogen components 
from four pairs of steers at 1 hour after feeding. 
Approximately 100 ml. of rumen fluid were collected in 
a metal dose syringe via a small rubber tubing attached to a 
stainless steel strainer which was passed orally into the 
reticulo-rumen. This method for collecting rumen fluid is 
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described by Raun and Burroughs (1962)• About 40 ml* of rumen 
fluid were transferred to a polyethylene vial containing 
approximately 0.2 g. mercuric chloride which served as a pre­
servative. This sample was immediately stored at -20°C. until 
analyzed for volatile fatty acids at a later date. Fresh 
rumen fluid was used to determine the nitrogen components as 
described below. 
Chemical analysis of feed and feces samples 
Dry matter Duplicate 150 g. samples of wet 
feces were dried to a constant weight for 24 hours at 64°C. 
In a forced air oven. The dry matter content of feed was 
determined by drying duplicate 2 g. samples at 100°C. in a 
standard drying oven for 24 hours. 
Grosa energy Gross energy of the air-dry 
feed and feces was determined in a Parr adiabatic bomb calori­
meter. 
Total nitrogen Two-gram samples of air-dry 
feed and 5-gram samples of wet feces were used to determine 
total nitrogen by the macro-KJeldahl method (A.O.A.C*, 1955). 
Determination of total urinary nitrogen Urinary 
nitrogen was determined by a modification of the micro-
Kjeldahl method of' Folin and Farmer (1912). The urine was 
diluted 1:9 with water. Four milliliters of diluted urine 
were digested with 2 ml. concentrated HgSO^ and 2 g. of 
catalyst (10 parts potassium sulfate and 1 part cupric sul-
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fate) in 30 ml. mlcro-Kjeldahl flasks. The digest was mixed 
with 10 ml. 50# NaOH and steam distilled. The distillate 
was collected under 2# boric acid solution. The ammonia col­
lected in the boric acid solution was then titrated with 0.01 
N HgS04, using three drops of methyl red-methylene blue indi­
cator. 
Chemical analysis of rumen fluid 
Total nitrogen Twenty milliliters of fresh 
rumen fluid were diluted in a 100 ml. volumetric flask and 
stored at 40°F. until analyzed within 8 hours after collec­
tion. Duplicate 5 ml. samples of the diluted rumen fluid 
were analyzed for total nitrogen according to the micro-
KJeldahl method for urine nitrogen described above. 
NPN Ten milliliters of fresh rumen fluid 
were diluted in a 50 ml. volumetric flask with 16# (w/v) tri­
chloroacetic acid and centrlfuged for 30 minutes at approxi­
mately 15,000 x G. Ten milliliter duplicate samples of the 
supernatant liquid were analyzed by the mlcro-KJeldahl method 
described above. 
Ammonia nitrogen Ammonia nitrogen was 
determined in duplicate by distillation under partial vacuum 
according to a modification of the method of Varner et al. 
(1953). Fresh rumen fluid was diluted 1:4 and 25 ml. of the 
diluted fluid were transferred to a 100 ml. round bottom 
flask. Ten milliliters of borate buffer (saturated sodium 
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tetraborate adjusted to pH 10 with NaOH) were added to the 
flask to adjust the pH of the contents to 9.2 to 9.5. The 
flask was immersed in a water bath maintained at 50 to 55°C. 
and connected to a water-cooled condenser to which was 
attached a 125 ml. Erlenmeyer flask containing 25 ml. of a 
Z% solution of boric acid. The system was closed and the 
water pump (aspirator) was turned on. A small stream of air 
was drawn through the contents of the round bottom flask to 
prevent bumping. Foaming was prevented by the addition of one 
drop of an anti-foaming agent (Tympanol). The distillation of 
ammonia was complete after 5 minutes of boiling. The ammonia 
collected in the boric acid solution was titrated with 0.01 N 
HgS04 using three drops of methyl red-methylene blue indicator 
solution. 
With this method good nitrogen recoveries were obtained 
when ammonium sulfate was added to water or rumen fluid. No 
nitrogen was recovered from glycine added to water or cold 
rumen fluid. Identical results were obtained when either 
whole rumen fluid or the TCA-soluble fraction of the rumen 
fluid was used. 
Total soluble nitrogen Fresh rumen fluid 
was centrifuged for 30 minutes at approximately 15,000 x G. 
The nitrogen in duplicate 2 ml. samples of the supernatant 
fluid was determined by the mlcro-Kjeldahl method described 
above for urine. Soluble nitrogen was determined in samples 
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taken from only four steers per group. 
VFA The volatile fatty acid composition of 
the rumen liquor vas determined by the method of Erwln ejt al. 
(1961) as modified by McGilllard and Richard.* 
The frozen rumen fluid samples were thawed for 20 to 30 
minutes and prepared for chromatographic analysis. Ten milli­
liters of rumen fluid were mixed with 2 ml. of a freshly pre­
pared 25# (w/v) solution of meta phosphoric acid. After being 
allowed to stand for 30 minutes, the acidified rumen liquor 
was centrlfuged for 10 minutes at approximately 17,000 x G. 
The supernatant was stored at 35 to 40°F. in tightly-capped 
glass or plastic vials until analyzed. 
The Instrument used for analysis was an Aerograph Model 
600 "Hy-Fl" gas chromatograph with hydrogen flame ionization 
detector. The teflon** column (2 meters long and 1/8 in. out­
side diameter) was packed with a mixture of polyethylene 
glycol 400 mono stearate*** (7.5#), H3PO4 (0.75#) and 60/80 
mesh Chromsorb W. The column temperature was 120°C. with 
*A. D. McGllllard and M. J. Richard, Department of Animal 
Science, Iowa State University of Science and Technology, 
Ames, Iowa. Procedure for analysis of rumen VFA. Private 
communication. 1962. 
**Sparta Manufacturing Co., Dover, Ohio. 
***Polyethylene glycol 400 monostearste S-541, Glyco 
Products Co., Inc., Williamsport, Pennsylvania. 
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nitrogen carrier gas flow rate of 16 to 20 ml./min. The 
hydrogen flow to the flame jet was 25 ml./min. and the air 
flow to the detector chamber was 250 ml./min. The injection 
block was maintained at 250°C. The output of the detector 
amplifier was transmitted to a Brown Electronik high speed 
recorder equipped with a disc integrator. 
Either 1 or 3 JK1. of the acidified protein free rumen 
fluid were injected with a 10^1. Hamilton syringe which was 
fitted with a Chaney adapter. The 1 /Ml, Injection gave 
sharper separation of the fatty acid peaks with the base of 
the peaks nearer to the recorder base line as compared to the 
3/^1. injection. The 3 injection gave greater repeat­
ability in volume Injected than did the 1 /xl. injections. 
However, this difficulty was overcome by including a known 
concentration of amyl alcohol* in the sample. The volume 
injected could then be determined from the amount of amyl 
alcohol injected, by comparing the integrator peak areas of 
the amyl alcohol to a standard curve of integrator peak areas 
produced by known amounts of amyl alcohol. The concentrations 
of acetic, propionic, butyric, isobutyric, valeric and iso­
valeric acids in the rumen fluid were determined by comparing 
the integrator peak areas of the rumen acids to the integrator 
*n-amyl alcohol, boiling point 137-138°?., Columbia 
Organic Chemical Company, Columbia, South Carolina. Several 
other n-amyl alcohols were tried and discarded because they 
gave multiple peaks. 
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peak areas of standard solutions of the acids. 
Results 
Experiment I The results of experiment I are sum­
marized in Table 12. Data for individual calves are given in 
Table 37. Autoclaving the starter had no apparent effect upon 
the rate of growth of calves. Enzyme supplementation in­
creased rate of gain and starter Intake when either autoclaved 
or non-autoclaved starters were fed. When all calves fed 
enzymes (groups 2 and 4) are compared to all calves fed the 
unsupplemented starters (groups 1 and 3) the difference in 
body weight gain to 12 weeks is significant at P< 0.10 
(Table 29). Starter consumption was also greater for those 
calves receiving the enzyme supplement. 
Experiment II The results of experiment II are sum­
marized In Table 13. Body weight gains end feed consumption 
data are given by 4-week periods in Tables 14 and 15. Data 
for individual calves are given In Table 38. Body weight 
gains both from 0 to 12 weeks and from 12 to 24 weeks were 
greatest for group 7 which received 50 mg. of bacterial pro­
tease concentrate per pound of starter. Body weight gains 
for group 6, receiving 25 mg. bacterial protease concentrate 
per pound of starter, were intermediate between group 7 and 
group 5 (the control group). The calves receiving the 100 
mg. level of enzyme concentrate (group 8) gained slowest 
Table 12- Experiment I - body weight gain and feed intake 
Av • Feed Intake 
Body weight galna to: daily Milk Starter 
Groupb 4vwk. 8 wk. 12 wk. gain 0-7 wk. 0-4 wk. 4-8 wk. 8-12 wk. 0-12 wk. 
lb. 
1 16 59 113 1.34 377 16 65 163 244 
2 E 20 68 126 1.49 375 16 72 175 263 
3 A 18 61 115 1.37 395 17 69 165 251 
4 AE 20 68 125 1.49 374 16 78 186 280 
3 + 4 19 65 120 1.43 385 17 74 175 266 
1 + 2 18 64 120 1.42 376 16 69 169 254 
2 + 4 20 68 125 1.49 375 16 76 181 273 
1 + 3 17 60 114° 1.36 386 16 67 166 249 
^Initial body weights were 89, 88, 93 and 87 pounds for groups 1, 2, 3 and 4 
respectively• 
^E indicates enzyme supplementation. A indicates autoclaved starter. See 
Table 8 for details. 
cThe difference in average gain to 12 weeks between group 2+4 and 1 + 3 is 
significant at P < 0.10. 
Table 13. Experiment II - summary of results 
Av. feed Intake 
Enzyme8, Av. dally gain Starter, Starter, Hay, 
Group level 0-12 wk. 12-24 wk. 0-12 wk. 12-24 wk. 12-24 wk. 
5 
6 
7 
8 
0 
25 
50 
100 
1.34 
1.37 
1.44 
1.32 
1.71 
1.76 
1.86 
1.86 
lb. 
300 
296 
305 
284 
422 
427 
427 
417 
399 
395 
455 
382 
akg. bacterial protease (Batch #B-22 A/B) per lb. starter. 
Table 14. Experiment II - feed Intake by 4-week periods 
Milk Starter Hay 
Enzyme Weeks 
Group level "0^4 5^4 4%8 Q-Î2 12-16 16-20 20-24 12-16 16-20 20-24 
lb. 
5 0 196 24 104 172 193 118 111 42 145 212 
6 25 198 22 102 172 19 S 116 112 40 144 211 
7 50 198 23 107 175 198 117 112 51 164 240 
8 100 187 20 97 167 190 115 112 39 136 207 
ahg. bacterial protease (Batch #B-22 A/B) per lb. starter. 
Table 15. Experiment II - body weight gain and Increase In height at withers 
Av. Increase in 
Enzyme initial Body weight gains to. weeks height at withers 
Group level weight 4 8 12 16 20 24 0-12 wk. 0-24 wk. 
lb . cm. 
5 0 97 20 60 113 170 218 257 14.7 27.0 
6 25 97 20 60 115 176 218 263 15.1 27.2 
7 50 97 21 66 121 179 229 278 14.9 27.5 
8 100 93 16 57 111 168 213 263 15.0 27.6 
aMg. bacterial protease concentrate (Batch #B-22 A/B) per lb. starter. 
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during the early ages (especially during the first 8 weeks). 
However, these calves gained faster than the controls during 
the 12- to 24-week period. The mean treatment differences 
in body weight gains during both the 0 to 12-week period and 
the 12- to 24-week period were not significant at P = 0.10 
(Table 30). 
Experiment III The results of the first 12 weeks of 
experiment III are summarized in Table 16. Body weight and 
feed consumption data by 4-week periods are given by treat­
ments in Tables 17a and 17b and for individual calves in Table 
39. While the number of calves per group was small, supple­
menting the starter with bacterial protease concentrate 
appeared to increase rate of gain and feed consumption. The 
greatest improvement in rate of gain occurred when the higher 
level (40 mg. per pound of starter) of bacterial protease con­
centrate was fed. Supplementation with 20 mg. of bacterial 
protease per pound of starter gave results intermediate be­
tween the 40 mg. and zero level of supplementation. Supple­
menting the starter with bacterial amylase concentrate alone 
did not appear to affect the response. The addition of 100 mg. 
of amyloglucosldase depressed rate of gain and feed consump­
tion in each group (groups 10, 12 and 14). The mean differ­
ence in weight gain to 12 weeks between groups 10 + 12 + 14 
(receiving amyloglucosldase) and groups 9+11+13 (treated 
the same, except no amyloglucosldase was fed) was significant 
Table 16. Experiment III - summary of results to 12 weeks 
Group Protease 
Enzyme levels* 
Amylase Amyloglucosldase 
Av. 
dally 
gain 
Av. 
starter 
Intake 
Av. increase 
in height 
at withers 
lb. lb. cm. 
9 40 0 0 1.59 313 14.7 
10 40 0 100 1.42 287 14.3 
11 20 65 . 0 1.50 319 14.8 
12 20 65 100 1.25 283 13.0 
13 0 130 0 1.40 294 13.4 
14 0 130 100 1.19 270 12.6 
15 0 0 0 1.39 295 14.0 
aMg. enzyme concentrate per lb. starter. See Table 9 for details. 
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Table 17a. Experiment III - body weight gain 
Av. 
Initial Body weight gain to: 
Group* weight 4 wk. 8 wk. 12 wk. 16 wk. 
lb. 
9 92 22 70 134 198 
10 94 17 66 119 178 
11 87 19 67 126 193 
12 89 19 55 105 164 
13 95 16 59 118 189 
14 93 11 49 100 166 
15 89 20 64 116 184 
aSee Table 16 for treatment of each group. 
Table 17b. Experiment III - feed intake 
Milk Starter Hay 
Group 0-4 wk. 0-4 wk. 4-8 wk. 8-12 wk. 12-16 wk. 12-16 wk. 
lb. 
9 180 21 114 184 201 23 
10 184 20 103 164 168 37 
11 172 21 118 180 204 29 
12 177 22 100 161 168 32 
13 188 20 101 173 192 39 
14 184 20 94 156 179 29 
15 174 23 108 164 190 29 
aSee Table 16 for treatment of each group. 
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at P 0.01. The mean difference in gain to 12 weeks between 
group 9 (receiving 40 mg. bacterial protease per pound of 
starter) and the control group 15 was significant at P < 0.05. 
The analysis of variance for experiment III is found in Table 
31. 
Experiment IV The results of experiment IV are given 
in Table 18 and are further summarized in Tables 19 and 20. 
Data for individual animals are given in Table 40. Analysis 
of variance of the body weight gains from 0 to 24 weeks shows 
that differences due to treatments are not significant at 
p = 0.10 (Table 32)• The linear component of the 12- to 24-
week treatment effect was significant only at P < 0.10. The 
effect of enzyme levels fed during the 0 to 12-week period on 
24-week gain was not significant at P = 0.10. Body weight 
gains decreased with increasing levels of enzyme supple­
mentation from 0 to 12 weeks (Table 19) but increased with 
Increasing levels of enzyme supplementation from 12 to 24 
weeks (Table 20). These treatment effects were not signifi­
cant at P = 0.25 (Table 33), however. 
Experiment V The results of experiment V are given 
in Table 21. Data for individual calves are given in Table 
41. Average rate of gain and hay consumption was greater 
for those calves receiving bacterial protease concentrate 
than those which did not. The fastest rate of gain and the 
greatest hay consumption occurred in group 2IB, which 
Table 18. Experiment IV - body weight gain and feed consumption, 0 to 24 weeks 
Av. feed consumption 
Av. Starter Grain Hay Hay 
initial Av. body weight gain to. weeks: 0-12 12-24 6-12 12-24 
Group weight 4 8 12 16 20 24 wk. wk. wk. wk. 
lb. 
16 92 18 57 103 144 184 228 225 336 47 403 
17A 98 19 58 102 152 191 230 227 336 50 417 
17B 90 22 57 100 147 187 234 232 336 38 378 
170 85 20 55 100 147 181 233 225 336 50 381 
18A 87 13 38 83 128 166 209 199 336 35 375 
18B 92 17 56 105 145 186 229 228 336 46 407 
180 99 25 63 108 155 212 245 240 336 58 472 
19A 86 14 46 93 137 176 221 202 336 33 374 
19B 96 22 55 104 152 199 243 237 336 69 492 
190 100 14 52 95 132 174 221 222 336 41 403 
aThe amount of bacterial protease concentrate fed per pound of starter or 
grain is designated by numbers and letters as follows. From 0 to 12 weeks, 17 = 
30 mg., 18 = 50 mg. and 19 = 70 mg. From 12 to 24 weeks, A = 40 mg., B = 80 mg. 
and G = 120 mg. Group 16 received no enzyme supplement. See Table 10 for more 
details of the experimental design. There were 15 calves in group 16 and five 
claves in each of the other groups. 
Table 19. Experiment IV - summary of results, 0-12 weeks 
Av. weight Av. Av. increase 
Av. gain to: daily Av. feed intake In height 
Enzyme8 birth 4 8 12 gain, Starter, Hay, at withers 
Group level wt. wk. wk. wk. 0-12 wk. 0-12 wk. 6-12 wk. 0-12 wk. 
mg. lb. 
— 
cm. 
16 0 92 18 57 103 1.23 225 47 11.3 
17A+17B+17C 30 91 20 57 101 1.20 228 46 12.8 
18A+18B+18C 50 93 19 53 99 1.18 223 46 12.7 
19A+19B+19C 70 94 17 51 97 1.15 220 48 12.1 
aAmount of bacterial protease concentrate per pound of starter. 
Table 20. Experiment IV - summary of results, 12 to 24 weeks 
Av. weight gain Av. Av. Increase 
Av. from 12 wk. to: daily Av. feed intake, in height 
Enzymea birth 16 20 24 gain 12-24 wk. at withers 
Group level wt. wk. wk. wk. 12-24 wk. Grain Hay 12-24 wk. 
mg. - lb. cm. 
16 0 191 41 81 126 1.50 336 403 12-0 
17A+18A+19A 40 183 46 83 128 1.52 336 389 11.2 
17B+18B+19B 80 195 48 88 132 1.57 336 426 11.2 
17C+18C+19C 120 196 44 85 132 1.57 336 418 11.2 
aAmount of bacterial protease concentrate per pound of grain. 
Table 21. Experiment V - body weight gain and feed Intake 
Initial Av. 
Protease Cellulase body Body wt. gain to: daily Av. feed Intake 
Group per day per day wt. 4 wk. 8 wk. 12 wk. gain Grain Hay 
mg. g. lb. 
20A 0 0 288 53 93 140 1.67 336 614 
20B 0 1 1/2 296 49 93 137 1.63 336 675 
200 0 3 291 57 103 149 1.77 336 649 
21A 320 0 311 56 102 147 1.75 336 687 
2 IB 320 1 1/2 308 60 112 156 1.86 336 694 
21C 320 3 299 52 99 143 1.70 336 647 
20A+20B+20G 0 292 53 96 142 1.69 336 646 
21A+21B+210 320 - 306 56 104 149 1.77 336 676 
20A+21A _ 0 300 55 98 143 1.70 336 650 
20B+21B — 1 1/2 302 55 103 147 1.75 336 684 
20C+21C — 3 295 55 101 147 1.75 336 648 
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received 80 mg. of bacterial protease concentrate and 1 1/2 
g. of cellulase per pound of grain. However, the effect of 
protease supplementation on rate of gain was not significant 
at P = 0.10, while the effect of cellulase supplementation 
was not significant at P = 0.25. The analysis of variance is 
given in Table 34. 
Experiment VI 
Ration digestibility and nitrogen balance Ration 
digestibility and nitrogen balance data are summarized in 
Table 22 and given in more detail In Tables 43 and 44. The 
Table 22* Summary of digestibility and nitrogen balance data 
Control 
ration 
Enzyme 
supplemented 
ration 
Apparent energy digestibility, % 68.7 70.4 
Apparent nitrogen digestibility, % 72.3 73.7 
Nitrogen retained 
as y(> of nitrogen intake 
as % of apparent nitrogen digested 
18.7 
26.4 
20.3 
27.4 
Energy intake, Therms/day 
Fecal energy, Therms/day 
Digested energy, Therms/day 
19.13 
5.98 
13.15 
19.59 
5.81 
13.78 
Nitrogen intake, g./day 
Fecal nitrogen, g./day 
Urinary nitrogen, g./day 
Nitrogen digested, g./day 
Nitrogen retained, g./day 
106.7 
29.6 
57.1 
77.1 
20.1 
110.0 
28.9 
58.9 
81.1 
22.1 
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average apparent nitrogen digestibility, apparent energy 
digestibility and per cent nitrogen retained were greater 
for the enzyme supplemented ration. While the mean differ­
ences were not great, analysis of variance (Table 35a) showed 
a significant difference In apparent nitrogen digestibility 
(P < 0.05) and apparent energy digestibility (P < 0.01) due 
to enzyme supplementation. The mean differences in per cent 
of ingested nitrogen retained and per cent of digested nitro­
gen retained were not significant at P = 0.25. 
Nitrogen distribution in rumen fluid The dis­
tribution of nitrogen in the rumen fluid before feeding and 
2, 4 and 6 hours after feeding the control (C) and enzyme 
supplemented (E) rations is given in Table 23. Total nitro­
gen, non-protein nitrogen (NPN) and ammonia nitrogen were 
determined directly as described earlier. Protein nitrogen 
is the difference between total nitrogen and NPN. Non-ammonia 
NPN la the difference between NPN and ammonia nitrogen. The 
values in Table 23 were obtained from data collected from all 
of the steers used in the digestion trials (six steers on each 
ration). Preliminary observations suggested that some of the 
nitrogen fractions reached peak concentrations earlier than 
2 hours after feeding. Therefore, rumen samples for the 
various nitrogen determinations were also taken from four 
steers on each ration at 1 hour after feeding. In addition 
to the nitrogen fractions mentioned above, soluble nitrogen 
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Table 23. Distribution of nitrogen in rumen fluid, six 
steers per rationa 
Before After beginning of feeding 
Ration feeding 2 hr. 4 hr. 6 hr. 
mg./100 ml. 
Total nitrogen C 124.4 138.4 101.2 87.5 
E 136.2 159.2 112-1 97.3 
Protein nitrogen C 93.6 83.7 66.7 62.4 
E 106.8 98.7 76.4 69.9 
Non-protein nitrogen C 30.8 54.7 34.6 25.1 
E 29.9 60.5 35.8 27.6 
Non-ammonia NPN G 15.6 31.8 17.1 13.2 
E 15.8 34.4 17.4 14.7 
Ammonia nitrogen C 14.9 23.1 17.5 11.8 
E 14.0 26.1 18.3 12.9 
aEach number is the mean of 24 values (23 observations 
and one value calculated for a missing plot). There were 
four values for each of six steers. 
(nitrogen remaining in the supernatant after centrifuging 
rumen fluid for 30 minutes at approximately 15,000 x G) was 
determined before feeding and at 1, 2, 4 and 6 hours after 
feeding the eight steers which were sampled at 1 hour after 
feeding. Table 24 gives a summary of the data obtained from 
these eight steers only. Where data are available for six 
steers per ration (Table 23), the values are similar to those 
calculated from four steers per ration (Table 24). 
Figure 2 is a graphic presentation of the distribution 
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Table 24. Distribution of nitrogen In the rumen fluid, three 
or four steers per ration8-
Before After beginning of feeding 
Ration feeding 1 hr. 2 hr. 4 hr. 6 hr. 
./100 ml Uig 
Total C 126.4 183.0 145.3 111.1 95.7 
nitrogen E 142.6 186.8 161.6 115.9 101.8 
Soluble 0 33.3^ 73.9 63.1 32.4° 25.4% 
nitrogen E 32.5° 81.7 74.6 35.6° 28.3* 
Protein C 94.3 128.7 85.7 77.0 70.5 
nitrogen E 112.7 116.0 99.2 80.8 74.3 
Non-protein C 32.2 54.4 59.6 34.1 25.2 
nitrogen E 30.0 70.8 62.4 35.1 27.4 
Non-ammonia C 16.7 30.4 37.1 16.7 13.5 
NPN E 15.9 48.6 37.5 17.1 14.8 
Ammonia C 15.4 24.0 22.5 17.4 11.7 
nitrogen E 14.0 22.2 24.9 18.1 12.7 
Each number is the mean of 16 values (15 observations 
and one value calculated for a missing plot), except where 
indicated in the footnotes below. 
^These numbers represent the mean of 12 values (four 
observations on each of three steers). 
cThese numbers represent the mean of 14 values (four 
observations on each of three steers and two observations 
on one steer)• 
of protein nitrogen, non-ammonia NPN and ammonia nitrogen 
during the 6-hour period after feeding the two rations. 
Table 45 in the Appendix contains the nitrogen values obtained 
from each rumen fluid sample taken during the experiment. 
Samples were collected on only three days from steers 5112 
Figure 2. The effect of bacterial protease concentrate 
supplementation on nitrogen concentration in 
rumen fluid 
Each point at 0, 2, 4 and 6 hours is the mean 
of 24 values from six steers (four values per 
steer). Each point at 1 hour represents the 
mean of values from four steers (four values 
per steer). One of the values at each point 
was calculated for a missing plot. 
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and 5098 on rations C and E, respectively. Therefore, the 
missing values at each sampling time were calculated from the 
means of the three available observations on these steers. 
The total nitrogen, protein nitrogen and non-ammonia 
NPN data (excluding samples taken at 1 hour) were evaluated 
by analysis of variance for a split plot design according to 
the procedure of Cochran and Cox (1957). A summary of the 
analysis is given in Table 36 in the Appendix. Error (a) 
was used to test differences between ration means. In order 
to compare differences between mean values obtained for the 
two rations at any one sampling time (0, 1, 2, 4 or 6 hours 
after feeding) the least significant difference (LSD) between 
two means was computed, using the t-value at P = 0.05. The 
standard deviations used for computing LSD were obtained from 
the mean square for error (a) in the analysis of variance of 
the combined data (Table 36). The LSD values for each nitro­
gen fraction are given in Table"35b in the Appendix. 
Total nitrogen concentration was highest at 1 hour after 
feeding. The fact that nitrogen concentrations were lower at 
4 and 6 hours after feeding than before feeding could be due 
to dilution of the rumen contents, since the steers were 
allowed free access to water and csttle might consume larger 
amounts of water during the period soon after eating. Balch 
(1958) states that over 100 pounds of water may be added to 
the retlculo-rumen of a cow during or soon after eating. 
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This water might be added by the feed, saliva and water con­
sumed after eating. The total nitrogen concentration was 
highest at all sampling times for the steers fed ration E. 
The mean difference (computed from all samples taken at 0, 2, 
4 and 6 hours) between rations was statistically significant 
(P < 0.05). Comparisons between the means at any one sampling 
time are not significant, however. 
The soluble nitrogen concentration was also highest at 
1 hour after feeding. Soluble nitrogen concentrations were 
only about 25 to 45$ of the total nitrogen concentrations, 
but were similar to the non-protein nitrogen concentrations 
except at 1 and 2 hours, when soluble nitrogen was higher. 
Moore and King (1958) found only about 1% of the soluble 
nitrogen in rumen fluid present in the form of protein nitro­
gen. If this is true here, most of the non-protein nitrogen 
in the whole rumen fluid samples was in the soluble portion, 
therefore, most of the Insoluble nitrogen (largely nitrogen 
in feed particles and microorganisms) was apparently protein 
nitrogen. Soluble nitrogen was highest for ration E at 1 and 
2 hours after feeding. This is probably due to greater con­
centrations of non-protein nitrogen at these sampling times. 
There was an appreciable increase in protein nitrogen 
concentration during the first hour after feeding ration C, 
but only a slight increase after feeding ration E. This was 
followed by a sharper decline in protein nitrogen for ration 
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C than for ration E. The protein nitrogen was higher for 
ration E, compared to ration C, at all sampling times except 
at 1 hour. The mean difference in protein nitrogen between 
rations (computed from all samples taken at 0, 2, 4 and 6 
hours) was statistically significant (P0.05). Comparisons 
between the ration means at any one sampling time are not 
significant (Table 35b). 
The comparatively low protein nitrogen concentration for 
ration E at 1 hour was accompanied by a significantly (P <£• 
0.05, Table 35b) greater Increase in non-ammonia NPN, compared 
to ration C. Other than at 1 hour, there were only slight 
differences in non-ammonia NPN due to ration. The mean dif­
ferences in non-ammonia NPN computed from samples taken at 
0, 2, 4 and 6 hours were not significant at P = 0.25. 
The peak in ammonia concentration occurred at 1 hour for 
ration C and at 2 hours for ration E. There were only very 
slight differences between rations throughout the 6-hour 
period. 
VFA distribution In rumen fluid Volatile fatty 
acid levels and ratios In the rumen fluid were determined for 
the 12 steers used in digestion trials. The samples were 
collected from each steer before feeding and at 2, 4 and 6 
hours after feeding on four days (two days during each diges­
tion trial). The data are summarized in Table 25. The total 
concentrations and the molar proportions of the various fatty 
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Table 25. Distribution of volatile fatty acid in rumen fluid® 
Total Molar proportions as per cent** 
Ration VFA® Cg Cg ^14 ^4 ^15 ^5 
Before feeding C 
E 
After feeding*3, 
2 hours C 
E 
4 hours 0 
E 
6 hours G 
E 
mm/1. 
75.7 64.8 15.7 
80.1 65.3 15.1 
88.9 65.8 17.6 
89.8 65.7 17.4 
88.2 64.5 17.1 
90.4 64.5 16.8 
86.5 64.3 17.0 
83.6 64.0 16.4 
1.9 
2.0 
12.6 
12.6 
3.0 
3.0 
1.6 
1.8 
1.9 
1.5 
10.3 
11.1 
2.1 
1.9 
2.2 
2.0 
1.6 
1.7 
12.0 
12.5 
2.0 
2.1 
2.6 
2.3 
to 
to 
«—
1 
1—1 12.6 
13.4 
2.1 
2.1 
2.1 
2.2 
aEach value is the mean of 23 observations from six 
steers. 
= acetic, 0% = propionic, = isobutyrlc, C4 = 
butyric, 0^5 = Isovaleric and C5 = valeric acids. 
^Expressed as mmole per liter of rumen fluid. 
dTime after beginning of feeding. 
acids in the rumen fluid of steers fed the enzyme supplemented 
ration (E) were similar to those of calves fed the control 
ration. The total concentration of the acids Increased after 
feeding, while the molar proportions remained fairly constant 
throughout the 6-hour period. Table 46 in the Appendix lists 
the volatile fatty acid composition of each rumen fluid 
sample• 
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DISCUSSION 
The studies presented herein may be divided into two 
areas of research: (1) the effect of enzyme supplementation 
on the utilization of nutrients in milk replacera, which by­
pass the reticulo-rumen and (2) the effect of enzyme supple­
mentation on utilization of nutrients in dry feeds, which are 
subjected to digestion in the reticulo-rumen. Studies con­
cerning the use of enzyme supplements to enhance the nutritive 
value of milk replacers were only of an exploratory nature. 
More extensive studies were not conducted because: (1) the 
results of the preliminary studies were not encouraging, 
(2) more extensive research by others (Catron et al., 1957; 
Cunningham and Brisson, 1957a; Neagle, 1960) indicated that 
supplementation of swine rations with similar enzymes appeared 
to be of little benefit and early work by the author suggested 
that favorable responses were more likely to occur if the 
enzyme supplements were added to calf starters. Thus, a 
greater portion of the author's efforts were directed toward 
studies on supplementation of calf starters. 
Enzyme Supplementation of Milk Replacers 
The milk replacers fed in these studies (Table 3) were 
not equal in nutritional value to whole milk. Calves fed the 
same dry matter intake during a 12-week period in the form 
of whole milk or dried skim milk and lard oil would be 
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expected to gain, on the average, 1.5 to 1.7 lb. per day 
(Jacobson et al., 1959; Rust and Jacobson, 1961). The reason 
for the inefficient utilization of the nutrients in these milk 
replacers has not been determined. It is possible that carbo­
hydrates and proteins in the ingredients of plant origin are 
not utilized because the calf's digestive enzymes are not cap­
able of hydrolyzing these materials. It has been shown in the 
"Review of Literature11 section that the secretion of amylo-
lytic and proteolytic enzymes is, in fact, limited in the 
young calf. The supplementation of milk replacers with sev­
eral amylolytic and proteolytic enzymes, at levels similar to 
those which have given improved nutrient utilization In 
poultry feeds, failed to increase rate of gain of calves in 
the present experiment. The fact that supplemental amylase 
and amyloglucosidase do not increase blood reducing sugar 
levels after ingestion of corn-soy flour gruel (Table 6) sup­
ports the hypothesis that these enzymes do not Improve the 
utilization of starch introduced posterior to the rumen of 
the calf. These findings agree with those of Dollar and 
Porter (1959) and Ruber et al. (1961a). It should be recog­
nized that other levels or different combinations of enzymes 
may effect a favorable response. Other factors that may be 
responsible for the inefficient use of plant materials are 
(1) the chemical composition and physical form of the raw 
plant material, e.g., the amino acid composition and the 
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solubility of raw starch and protein; (2) the physical changes 
resulting from processing, e.g., the denaturatlon of protein; 
and (3) substances in the diet which may hinder proper expo­
sure of the substrate to the enzyme, e.g., insoluble or in­
digestible materials and those products causing laxation. 
The findings in the present study (Table 4) and those of 
Dollar and Porter (1959) indicate that the utilization of 
maltose can be improved by supplementation with amyloglucosi-
dase. The relatively high levels of amyloglucosidase required 
would probably not be economically feasible, however. It is 
recognized that the effect of age of the calf can not be 
separated from the effect of level of enzyme fed in this 
experiment. Further studies should be conducted, using calves 
of various ages given several levels of amyloglucosidase, to 
determine the most effective level of enzyme. Further studies 
were not conducted by the author for reasons mentioned earlier 
in this discussion. 
The enzymes (other than amyloglucosidase) used in these 
experiments have pH optima between 5.5 and 7.0; therefore, 
they would be expected to have little activity in the abo-
masum. A more favorable environment exists in the intestine, 
but it appears that there is considerable destruction of these 
enzymes before leaving the abomasum, since they are irre­
versibly inactivated at near pH 4.0. The amyloglucosidase 
(Diazyme), which has optimum activity at pH 4.5 to 5.5 is 
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less susceptible to inactivation in the abomasum. Since this 
enzyme will hydrolyze only terminal units of polysaccharides 
and oligosaccharides, however, it would make little progress 
with a substrate of long starch chains, until they were split 
into shorter units by -amylase. 
The development of enzymes which are more stable In the 
digestive tract or a method of protecting the enzyme against 
the low pH of the abomasum but permitting their release in the 
intestine seems necessary before enzyme supplementation can 
greatly improve the utilization of milk replacers. Although 
the destruction of supplemental enzymes after ingestion is 
probably a major factor in the lack of response to enzyme 
supplementation in milk replacers, other factors may be in­
volved, such as the physical properties of the diet and the 
specificity of the enzymes. Enzyme supplementation is not 
now practical and is likely not to be so, at least until more 
basic information is available on the above and/or more effec­
tive enzyme products are developed. 
Effect of Enzyme Supplementation 
of Dry Feed for Ruminants 
Slight improvements in rate of gain of calves were ob­
served in each of five experiments (experiments I through V) 
when bacterial protease concentrate was included in the 
ration. A mixture of five different enzyme concentrates was 
fed in experiment I to see if any response to supplemental 
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enzymes could be noted. Subsequent experiments were designed 
to Identify the specific enzyme concentrate responsible for 
the improved rate of growth found in experiment I. An enzyme 
having primarily proteolytic activity was selected for experi­
ment II because other workers (Burroughs e_t al., 1959, 1960b) 
found improved rate of gain in beef cattle when proteolytic 
enzymes were fed. A bacterial product was selected because 
it can be produced more economically than the fungal enzyme. 
The greatest responses to the enzyme supplementation in 
experiment II occurred in the calves receiving 50 mg. of bac­
terial protease concentrate per pound of starter (the same 
amount of bacterial protease concentrate which was included 
in the mixture of enzymes fed In experiment I). Those calves 
receiving 100 mg. of the enzyme concentrate per pound of 
starter gained as well as the 50 mg. group when the calves 
were 12 to 24 weeks of age, but the higher level appeared to 
depress rate of growth In younger calves. It is possible that 
the amount of enzyme per pound of total feed Intake is criti­
cal and that the 100 mg. level was too high during the early 
weeks. When hay was fed later In the experiment, the ratio of 
enzyme to total feed intake may have been more nearly optimum. 
In experiment III the fastest rate of growth occurred 
when 40 mg. of bacterial protease concentrate was used. Since 
the batch of enzyme concentrate used in this experiment con­
tained a slightly higher protease activity per milligram than 
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that used in the prior experiments, the total protease activ­
ities derived from the bacterial protease concentrates were 
similar in the rations giving the best performance in each of 
the first three experiments. 
It is difficult to explain why the addition of amylo­
glucosidase depressed rate of growth in experiment III. A 
similar level of amyloglucosidase was included In the mixture 
of enzyme concentrates, which resulted in improved rates of 
gain in experiment I. If the amyloglucosidase truly had a 
depressing effect In experiment III, it is possible that the 
depressing effect was, in some way, overcome when bacterial 
protease concentrate is included. It is of interest to note 
that group 10 of experiment III, which received bacterial pro­
tease, had a slightly greater rate of gain than the control 
group, even though amyloglucosidase was also included In the 
ration. 
The response to bacterial protease supplementation noted 
in the first three experiments was not evident during the first 
12 weeks of experiment IV. Slight improvements (although not 
significant at P = 0.10) were found when 80 and 120 mg. were 
fed from 12 to 24 weeks of age. Some possible benefit, due 
to supplementation, is also Indicated by the fact that the 
linear component of the 12- to 24-week treatment effect on 0 
to 24-week weight gain is significant at P = 0.10 and that 
there was a slight improvement in rate of gain again In 
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experiment V when calves 4 to 7 months of age were fed 320 
mg. of bacterial protease concentrate per day (80 mg. per 
pound of grain). 
Calves under 12 weeks of age in experiment IV were 
treated differently than those in experiments I, II and III, 
in that starter was limited to 4 pounds per day In experiment 
IV and fed ad libitum in the other three experiments. Since 
the enzymes were fed at a specific rate per pound of starter 
and hay was fed ad libitum in experiment IV, the amount of 
enzyme consumed was also limited. 
The optimum levels of the bacterial protease concentrate 
used in these experiments appear to be near 40 to 50 mg. per 
pound of starter for calves under 12 weeks of age receiving 
starter ad libitum and 320 to 480 mg. per day for calves 3 to 
7 months of age fed hay ad libitum and limited to 4 pounds of 
grain per day. 
In most of the experiments, the fastest rate of gain was 
accompanied by the greatest feed Intake. It is possible that 
the enzyme concentrate stimulates appetite; however, the in­
creased feed intake may be a result of the larger size of the 
more rapidly growing calves. It should be noted that the hay 
consumption data are less quantitative than concentrate in­
takes, since some of the former is soiled or scattered in the 
pen. Attempts were made to measure loss insofar as possible 
but such adjustments are recognized not to be entirely ade­
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quate. On the other hand, grain and starter data are quite 
accurate since there was very little wastage. 
Other than the present study, the only report of the use 
of enzymes in calf starters is that of Yang et al. (1962), who 
obtained no response from Agrozyme supplementation. Similar­
ly, Wing and Wilcox (i960) reported that the growth of dairy 
heifers was not improved when the grain ration was supple­
mented with an enzyme preparation containing protease, dias­
tase and gumase. 
The increased apparent energy and nitrogen digestibility 
reported herein agrees with the data of Grainger and Stroud 
(1960), who found greater dry matter, cellulose and crude 
fiber digestibility and nitrogen retention of purified diets 
supplemented with enzymes; however, Theurer (i960) and Till­
man (1960) reported that enzyme supplementation had no effect 
on ration digestibility and nitrogen retention. 
The reason for the improved nitrogen and energy digesti­
bility noted when the bacterial protease concentrate was fed 
is not apparent, but it is probably due to some factor(s) 
which stimulated digestion In the rumen. Evidence that the 
enzyme concentrate did effect some change In the rumen is 
indicated by Increased proteolysis In the rumen shortly after 
ingestion of the enzyme, since there was an increase in non-
ammonia NPN and a decrease in protein nitrogen concentration 
in the rumen fluid at 1 hour after feeding (Table 24). This 
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suggests either that the protease in the enzyme concentrate 
was active in the rumen or that it stimulated proteolysis by 
the rumen microorganisms. There was no apparent evidence of 
an Increase in deaminase activity due to the enzyme concen­
trate, since there was an increase in non-ammonia NPN but no 
Increase in ammonia nitrogen. On the other hand, the greater 
protein nitrogen concentration at 0, 2, 4 and 6 hours after 
feeding the enzyme-supplemented ration could Indicate in­
creased protein synthesis by the microorganisms. Theurer 
(1960) also observed no changes in rumen ammonia concentra­
tion due to the addition of flcln or Agrozyme to zein and 
Drackett protein diets for sheep. The effect of enzyme sup­
plements on the other nitrogen components of rumen fluid have 
not been studied. 
Since all of the increase in gross energy digestibility 
Is not accounted for by the increase in nitrogen digestibil­
ity, it is possible that the enzyme concentrate contains fac­
tors which stimulated microorganisms to digest the carbo­
hydrate portion of the ration more efficiently or that the 
effects of the enzyme on the nitrogen portion of the ration 
may have produced factors which were stimulatory to carbo­
hydrate digestion. Ralston et al. (1962) found some improve­
ment in the digestion of crude fiber and cellulose in nylon 
bags suspended in the rumen of steers fed various amylolytic 
and proteolytic enzyme products. Bowden and Church (1959) 
98 
and Greig (1960) have suggested that Increased cellulose 
digestion noted in in vitro studies was due to factors in 
enzyme supplements other than the enzyme per se. 
No effect on the carbohydrate portions of the diet was 
evident from the data on volatile fatty acid concentration of 
rumen fluid. Small differences in the concentration of vola­
tile fatty acids may not have been detected, however, since 
there was considerable variation in the VFA concentrations. 
Ward et al. (i960), who studied volatile fatty acids in the 
rumen of steers, and Yang et; al. (1962), working with 32-day 
old calves, found that enzyme supplements did not affect the 
fatty acid composition of the rumen fluid. 
The reason for the slight and somewhat variable response 
to enzyme supplementation in the present study and the incon­
sistent response to microbial enzyme preparations fed to 
cattle in various experiments by others is not known. Data 
presented herein indicate that the bacterial protease concen­
trate can affect nutrient digestion and/or utilization and 
that the effect is probably in the rumen. Whether this enzyme 
is beneficial may depend upon factors such as the type of 
feed, the conditions under which the feed was produced, the 
condition of the animal and the kind and level of enzyme 
supplement fed. To determine under which conditions enzyme 
supplementation is beneficial, it would be helpful to know 
more about the changes which occur in the rumen, such as 
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alterations in microbial population and the rate of produc­
tion and utilization of the end-products of rumen fermenta­
tion, when various feeds are consumed with and without enzyme 
supplementation. A fuller understanding of the amount of 
nutrients absorbed from the digestive tract of the ruminant, 
as well as the form in which they are absorbed, would be 
helpful. 
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SUMMARY 
A series of experiments was conducted to evaluate the 
effect of the addition of enzyme concentrates to milk replacers 
and to starters and other concentrate mixtures on nutrient 
utilization by young calves and by dairy heifers. 
Preliminary experiments showed no Improvement in rate of 
gain of calves when milk replacers (partially of plant origin) 
were supplemented with various enzyme concentrates (bacterial 
and fungal amylase, bacterial and fungal protease, fungal 
amyloglucosidase and bromelin). Moreover, fungal amylase and 
amyloglucosidase did not affect blood reducing sugar levels 
after ingestion in conjunction with a corn-soy flour gruel. 
Elevated blood reducing sugar levels were observed when 
maltose (fed in water) was supplemented with relatively high 
levels of amyloglucosidase. Observations on the pH of abo-
masal contents after ingestion of various milk replacer ingre­
dients and limited observations on the amylase and amylo­
glucosidase activities of abomasal contents, after ingestion 
of bacterial amylase and fungal amyloglucosidase, Indicated 
that these supplemental enzymes, which are not stable at low 
pH, are readily inactivated in the abomasum. 
Slight improvements In rate of gain of calves was 
observed in each of five experiments when bacterial protease 
concentrate was included in the starter or concentrate mix­
ture. In experiment I, calves fed a combination of five 
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enzyme concentrates (bacterial and fungal amylase, bacterial 
and fungal protease and fungal amyloglucosidase) gained sig­
nificantly (P <• 0.10) faster than the controls. Autoelaving 
(15 p.s.i. for 30 minutes) the starter before adding the 
enzyme did riot affect the response. In experiment II, the 
starter was supplemented with three levels of bacterial pro­
tease concentrate. Body weight gain from 0 to 12 weeks and 
from 12 to 24 weeks of age was greatest for the group receiv­
ing 50 mg. protease per pound of starter, but the difference 
was not significant at P = 0.10. The 100 mg. level depressed 
growth during the first 12 weeks, but produced gains equal 
to the 50 mg. level during weeks 12 to 24. In experiment 
III, 40 mg. of bacterial protease concentrate per pound of 
starter significantly (p < 0.05) improved rate of gain. 
Supplementing the starter with bacterial amylase concentrate 
did not effect a response, while the addition of 100 mg. of 
fungal amyloglucosidase significantly (P -c 0.01) depressed 
rate of growth. Bacterial protease supplementation at 30, 
50 and 70 mg. per pound of starter did not affect rate of 
gain during the first 12 weeks of experiment IV, while slight 
improvements in rate of gain were observed when 80 and 120 
mg. per pound of grain were fed from 12 to 24 weeks of age. 
In experiment V, where a factorial design was employed, 
4-month-old calves showed a slight, but not significant at 
P = 0.10, response to bacterial protease concentrate and no 
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response to Takamine Cellulase 4000 supplementation. 
Bacterial protease supplementation significantly in­
creased apparent nitrogen (P < 0.05) and energy (P < 0.01) 
digestibility of a hay and concentrate ration fed to 6-month-
old steers. Samples of rumen fluid from these steers were 
analyzed for VFA, total nitrogen, soluble nitrogen, NPN and 
ammonia nitrogen. Total VFA concentrations were slightly 
higher at 2, 4 and 6 hours after feeding, compared to the 
pre-feeding level, but there was no apparent difference in 
VFA ratios. There was no apparent effect on total concen­
tration or on the ratios of VFA due to enzyme supplementation. 
Concentrations of all nitrogen components were highest at 
1 hour after feeding. Protein nitrogen concentration was 
higher for the supplemented ration, compared to the control, 
at 0, 2, 4 and 6 hours after feeding, but lower at 1 hour 
after feeding. The mean ration difference in protein nitrogen 
(computed from all samples except those taken at 1 hour) was 
significant (P < 0.05). Non-ammonia NPN concentration was 
significantly higher (P < 0.05) for the supplemented ration 
only at 1 hour after feeding. There were no appreciable dif­
ferences between rations in ammonia concentration throughout 
the 6-hour period. 
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Table 26. Description of enzyme concentrates8 
Batch 
no. 
Type of 
enzyme concentrate Organism 
PH 
optimum 
133 
F-782A 
Bacterial amylase 
Bacterial amylase 
B. subtilis 
B. subtilis 
5.5-6.5 
5.5-6.5 
628 
B-22A/B 
X-2A 
100 
Bacterial protease 
Bacterial protease 
Bacterial protease 
Bacterial protease 
B. subtilis 
B. subtilis 
B. subtilis 
B. subtilis 
7.0-7.5 
7.0-7.5 
7.0-7.5 
7.0-7.5 
14-2 Bromelin DineaoDle 5•5—6.5 
366 Clarase 
(fungal amylase) A. oryzae 5.0-5.5 
346 Fungal protease A. oryzae 6.5-7.0 
5-19-59 
F-8496 
Diazyme 
(fungal amyloglucosidase) 
Diazyme 
(fungal amyloglucosidase) 
A. nlger 
A. niger 
4.5-5.0 
4.5-5.0 
aThe enzyme concentrates were supplied by Miles Chemical 
Company. Clifton, New Jersey (recently moved to Elkhart, 
Indiana). 
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Table 27. Assays of enzyme concentrates8. 
Batch 
no. 
Amylase 
activity 
mg./mg. 
Amyloglucosidase 
activity 
DU/g. 
Protease activity 
NU/g. VU/g. GDU/g. 
133 542 591 
F-782A 404 423 469 
628 177 853 1977 
B-22A/B 160 — — 792 1986 — — 
X-2A 229 — — 1008 2130 
100 173 —  —  796 —  —  
14-2 — — 1208 
366 291 —  —  — 51 
— —  
346 22 — 68 
5-19-59 60 none none none 
F-8496 — — 46 none none none 
aThe assays were conducted by Miles Chemical Company 
according to standard procedures (used by Miles), mg./mg. = 
mg. maltose produced per mg. of enzyme under the conditions 
of the assay. DU = Diazyme Units. NU = Northrop Units. 
VU = Viscometric Units. GDU = Gelatin - Digestion Units. 
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Table 28. Body weight gain and feed intake of calves used 
in exploratory feeding experiments with milk 
replacers 
Milk Body weight Total feed Intake 
Breed replacer gain to, Milk 
Calf and and Initial weeks: replacer 
no. sexa enzyme" wt. 4 8 12 (liquid) Starter Hay 
lb 
*» 
4804 HM IA 116 4 42 91 999 76 22 
4843 HF IA 80 7 42 86 760 107 9 
7031-• 1 HF HA 93 5 47 91 
4825 HM IB 109 7 38 79 970 17 50 
4812 HF IB 108 22 70 132 1104 167 24 
4829 HM IIB 122 -1 22 61 974 54 66 
4817 HF IIB 94 2 10 56 767 62 33 
7017-2 HM IC 104 12 54 114 984 119 21 
4830 HF IC 82 9 42 66 782 62 67 
6032-1 HM IIC 92 12 45 82 869 97 10 
4844 HF IIC 82 13 39 84 760 82 13 
4808 JM ID 66 16 50 96 702 109 39 
4841 HF ID 82 8 38 90 767 100 13 
4816 BF IID 70 0 23 66 610 78 15 
aH = Hoistein, BS = Brown Swiss, J = Jersey, F = female, 
M = male. 
bI, II and III indicate the milk replacer which the calf 
received. Letters indicate the amount and kind of enzyme 
concentrate received per pound of dry milk replacer. A = 100 
mg. bacterial protease and 100 mg. bacterial amylase, B = 100 
mg. each of fungal protease, fungal protease and fungal amylo­
glucosidase, C = 100 mg. fungal protease, D = 100 mg. brome-
lin, E = 100 mg. fungal protease, 100 mg. fungal amylase and 
200 mg. fungal amyloglucosidase and F = 100 mg. fungal pro­
tease, 50 mg. fungal amylase and 150 mg. fungal amyloglu­
cosidase. 
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Table 28. (Continued) 
Milk Body weight Total feed intake 
Breed replacer gain • to, Milk 
Calf and and Initial weeks : replacer 
no • sex enzyme wt. 4 8 12 (liquid) Starter Hay 
4842 HM IIIB 75 Q 32 78 648 91 22 
4850 BSM IIIE 85 -6 29 53 708 74 6 
4851 BSM IIIF 108 -5 35 82 901 135 24 
4782 HM Ie 89 6 27 46 749 44 23 
4785 HF I 92 0 35 83 808 90 31 
4786 BSF I 95 18 52 123 928 174 13 
4791 HF I 72 4 36 100 665 110 38 
4796 HF I 87 7 51 93 857 100 22 
4788 HM II 87 16 45 95 830 96 17 
4789 HM II 100 6 40 105 902 102 48 
6005-2 HF II 92 19 52 117 913 130 43 
4801 HF II 66 6 33 74 630 94 14 
4787 BF II 84 15 48 121 832 157 18 
cThe next 10 calves listed did not receive an enzyme 
supplement. 
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Table 29. Analysis of variance of body weight gain to 
12 weeks, experiment I 
Degrees of 
Source of variance freedom Mean square 
Total 31 
Treatment 3 345 
Enzyme vs. no enzyme (l) 1012 
Autoclaved vs. not autoclaved (1) 10 
Breed 2 272 
Error 26 259 
Table 30. Analysis of variance of body weight gain, 
experiment II 
Source of Degrees of Mean square for body weight gain 
variance freedom 0-12 wk. 12-24 wk. 0-24 wk. 
Total 
Enzyme level 
Sex 
Error 
31 
3 
1 
27 
137 
872 
252 
1234 
1747 
948 
623 
4557 
674 
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Table 31. Analysis of variance of body weight gain to 
12 weeks, experiment III 
Source of variance 
Degrees of 
freedom Mean square 
Total 
Treatment 
Groups 9+11+13 vs. 
groups 10+12+14 
Group 9 vs. group 15 
Group 9+10 vs. group 15 
Group 11 vs. group 15 
Group 14 vs. group 15 
Sex 
Error 
31 
6 530 
(1) 1856 
(1) 1068 
(1) 400 
(1) 301 
(1) 3 
1 1105 
24 236 
Table 32. Analysis of variance of body weight gain from 
0 to 24 weeks, experiment IV 
Degrees of 
Source of variance freedom Mean square 
Total 59 
Sex 1 63 
Treatment 9 547 
Early,a linear (1) 116 
Early, quadratic (1) 560 
Late,d linear (1) 1053 
Late, quadratic (1) 798 
Enzyme vs. no enzyme (1) 118 
Interaction (4) 570 
Error 49 335 
a"Early" refers to treatment from 0 to 12 weeks, 
k"Late" refers to treatment from 12 to 24 weeks. 
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Table 33. Analysis of variance of body weight gain, 
experiment IV 
Degrees of Mean square 
Source of variance freedom 0-12 wk. 12-24 wk. 
Total 52 
Sex 1 42 2 
Treatments 3 67 160 
Linear (1) 200 390 
Enzyme vs. no enzyme (1) 122 269 
Error 55 202 220 
Table 34. Analysis of variance of body weight gain, 
experiment V 
Degrees of 
Source of variance freedom >iean square 
Total 35 
Sex 1 2791 
Treatment 5 298 
Protease vs. no protease (1) 448 
Cellulase, linear (1) 60 
Cellulase, quadratic (1) 20 
Protease x cellulase, linear (1) 266 
Protease x cellulase, quadratic (1) 690 
Error 29 226 
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Table 35a. Analysis of variance of digestion trial data, 
experiment VI 
Mean square 
Source Degrees % % ingested digested 
of of energy nitrogen nitrogen nitrogen 
variance - freedom digested digested retained retained 
Total 23 
Replication 5 11.4 4.8 40.2 73.3 
Treatment 1 17.8 11.5 13.5 " 13.2 
Error (rep. x 
treat.) 5 0.7 1.1 7.3 12.7 
Between subsamples 12 
1st vs. 2nd 
(1) collection 4.4 4.7 24.8 37.5 
Collection pd. 
x treat. (1) 0.2 0.2 21.1 4.0 
Collection pd". 
(5) x rep. 3.4 2.0 2.3 3.1 
Collection pa. 
(5) x rep. x treat. 1.2 1.0 25.3 55.7 
Table 35b. LSD (P = 0.05) between rations at a specific 
sampling time 
Least significant difference at: 
Rumen fluid 16 degrees 24 degrees 
nitrogen fraction of freedom8 of freedom'3 
mg./100 ml. mg./100 ml. 
Total nitrogen 29.4 24.1 
Protein nitrogen 19.1 16.3 
Non-ammonia NPN 12.9 10.5 
aLSD (P = 0.05) used for testing ration differences at 
one hour (16 observations per ration). 
^LSD (P = 0.05) used for testing ration differences at 
0, 2, 4 and 6 hours (24 observations per ration). 
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Table 36. Analysis of variance of rumen nitrogen data, 
experiment VI 
Degrees Mean square 
Source of of Total Protein Non-ammonia 
variance freedom nitrogen nitrogen NPN 
Total 191 
Replication81 5 4345 4389 376 
Ration 1 8768 6286 58 
Error (a.) 5 1053 480 201 
Dayk 3 4162 2753 127 
Day x ration 3 2723 2117 35 
Day x replication 15 3868 2982 115 
Error (b) 15 1158 913 495 
Time0 3 29,917 12,632 3680 
Ration x time 3 283 776 18 
Day x time 9 663 565 70 
Day x time x ration 9 2552 1921 124 
Error (c) 120 574 512 221 
^Replication refers to steers sampled on the same day. 
°Day refers to time, in days, that the steers were on 
the experimental rations when the observations were made (see 
page 57 for experimental procedure). 
cTime refers to time after feeding. Samples taken at 
1 hour after feeding were not included in these analyses. 
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Table 37. Body weight gain and feed intake, experiment I 
Body wt. gain Total 
Calf Initial to. weeks: feed Intake 
no. Breed Group wt. 4 8 12 Milk Starter 
4846 H 1 100 20 57 120 421 263 
4847 H 1 114 5 58 114 458 248 
4852 H 1 80 16 62 108 341 241 
4871 H 1 92 14 52 96 372 220 
4878 H 1 94 29 73 131 421 271 
4896 H 1 73 13 51 107 315 191 
4899 A 1 68 10 52 99 292 217 
4917 BS 1 92 16 62 127 396 306 
4855 H 2 98 18 60 113 409 242 
7034 H 2 79 28 88 142 377 274 
4874 H 2 78 18 59 106 284 259 
7019 H 2 94 26 78 131 420 249 
4904 H 2 89 7 50 105 358 230 
4907 H 2 78 18 63 122 339 291 
4885 A 2 84 21 68 128 365 279 
4890 BS 2 107 21 76 157 445 286 
4845 H 3 87 20 49 107 377 219 
4848 H 3 78 24 70 122 352 259 
4876 H 3 94 9 55 112 371 260 
4893 H 3 132 18 74 141 540 396 
4894 H 3 97 8 49 113 390 208 
7025-2 H 3 94 30 78 128 430 244 
4840 A 3 78 20 50 86 340 206 
4868 BS 3 88 23 65 112 365 206 
4859 H 4 87 19 71 129 370 367 
4870 H 4 112 21 85 148 475 359 
4892 H 4 76 23 67 118 336 247 
6037 H 4 87 19 65 129 374 225 
4903 H 4 80 21 72 132 356 249 
4911 H 4 94 12 43 87 378 203 
4854 A 4 75 17 63 125 321 330 
4862 BS 4 88 24 74 129 382 258 
Table 38. Body weight gain and feed Intake, experiment II 
Total feed intake 
Calf Initial Body wt . gain to . weeks: Starter Starter 
no. Sex Group wt. 4 8 12 16 20 24 Milk 0-12 wk. 12-24 wk. Hay 
1 V» 
6002-3 M 5 107 14 63 119 203 241 277 213 311 533 381 
4941 h. 5 111 13 51 107 143 199 228 217 254 398 331 
7039-1 M 5 88 24 56 102 129 167 214 186 261 365 315 
6043-1 M 5 90 21 54 98 168 218 270 181 294 396 484 
4972 M 5 104 26 88 155 218 281 322 214 379 446 586 
6005-3 F 5 88 20 54 92 153 190 225 179 312 413 315 
4951 F 5 98 23 56 112 173 232 259 196 257 388 401 
4964 F 5 93 17 59 119 169 217 264 178 327 426 384 
4931 M 6 96 15 57 122 216 248 227 193 313 545 426 
4942 h 6 86 16 60 128 180 235 29 5 174 301 431 368 
6031-2 M 6 98 24 60 98 169 194 213 202 249 382 357 
4952 M 6 102 26 62 107 .171 202 258 206 273 404 348 
4965 M 6 120 20 80 148 194 241 295 242 345 445 433 
7018-3 F 6 87 19 60 112 177 248 266 181 290 403 397 
6042-1 F 6 83 23 57 113 147 186 229 174 291 392 361 
4970 F 6 105 13 45 95 157 189 249 209 306 417 474 
7037-1 h 7 102 21 62 120 184 236 295 214 275 387 515 
7040-1 M 7 99 21 59 117 172 225 277 211 302 408 470 
4948 M 7 82 20 66 102 151 204 269 165 240 374 422 
4967 M 7 108 18 62 126 188 244 287 209 306 440 459 
703k-2 M 7 96 24 89 152 210 269 317 197 344 454 457 
4934 F 7 100 16 54 114 184 234 275 204 366 568 471 
7031-1 F 7 87 27 65 112 153 183 230 186 272 376 352 
4957 F 7 101 23 67 124 191 237 274 195 337 407 489 
Table 38. (Continued) 
Total feed Intake 
Calf 
no. Sex Group 
Initial 
wt. 
Body wt 
4 8 
. gain to 
12 16 
. weeks: 
20 24 Milk 
Starter 
0-12 wk. 
Starter 
12-24 wk. Hay 
493% . M 8 86 10 54 106 169 208 277 172 269 488 387 
4943 M 8 100 16 52 109 157 200 264 181 301 386 368 
7042-1 M 8 94 30 72 136 185 243 281 206 301 402 396 
4956 M 8 105 20 55 104 175 225 276 211 279 425 411 
7009-•3 M 8 88 20 56 128 184 239 281 183 335 437 433 
4936 F 8 88 6 46 100 170 200 253 172 252 390 393 
4939 F 8 86 14 56 90 138 177 223 185 243 390 281 
603k-•2 F 8 94 14 63 118 166 213 253 188 292 417 379 
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Table 39. Body weight gain and feed intake, experiment III 
Body wt. gain 
Calf Initial to, weeks : Total feed intake 
no. Sex Group wt. 4 8 12 16 Milk Starter Hay 
lb. 
4979 M 9 96 28 66 139 207 186 498 24 
7033-2 M 9 106 22 79 152 228 206 574 33 
7010-3 F 9 79 22 61 113 167 157 500 11 
7034-2 F 9 87 17 72 130 191 172 504 22 
4981 M 10 100 10 78 132 183 196 497 7 
5009 M 10 100 18 60 113 172 196 451 45 
4980 F • 10 97 19 64 112 184 192 466 48 
6044-1 F 10 77 19 63 120 173 153 407 47 
4978 M 11 80 16 56 116 185 157 471 16 
6046-1 M 11 96 23 79 154 229 186 594 36 
6006-3 F 11 79 22 67 117 185 157 516 24 
5022 F 11 93 13 67 116 174 186 504 38 
5011 h 12 96 27 48 101 152 186 384 59 
6045-1 M 12 86 22 59 112 185 172 486 31 
7014-3 F 12 87 12 57 101 155 176 448 20 
5012 F 12 88 15 55 106 164 172 482 20 
4989 M 13 98 18 63 124 191 192 489 26 
5016 M 13 93 17 72 135 210 186 506 63 
4997 F 13 92 12 58 108 186 182 464 19 
5008 F 13 98 17 44 103 169 192 480 46 
4995 M 14 92 6 33 84 140 182 365 17 
6034-1 M 14 104 19 80 136 216 206 536 58 
4987 F 14 88 7 38 91 158 176 465 9 
5020 F 14 86 13 44 88 150 172 428 33 
4982 M 15 102 34 92 137 216 202 556 16 
4990 M 15 98 14 51 98 177 192 468 25 
5021 M 15 100 9 54 114 172 186 457 19 
5023 M 15 84 11 62 114 188 167 490 33 
49*1 F 15 90 15 52 90 147 176 388 44 
6041 F 15 77 27 63 121 191 153 501 26 
7020-3 F 15 75 28 65 115 172 147 461 17 
6004-3 F 15 86 24. 74 142 208 172 553 51 
Table 40. Body weight gain and feed Intake, experiment IV 
Total feed intake 
Calf 
no. Sex Group 
Initial 
wt. 
Body gain to . weeks : 0-•12 wk. 12-24 wk. 
4 8 12 16 20 24 Milk Starter Hay Grain Hay 
lb 
6024-4 M 16 84 24 64 108 146 186 227 166 228 46 336 383 
5083 M 16 104 18 66 115 151 181 225 205 232 69 336 456 
5095 M 16 104 18 55 104 156 186 243 205 204 42 336 444 
7035-2 1-i 16 94 20 54 111 158 198 236 182 232 52 336 457 
5122 k 16 102 8 44 96 145 188 243 201 212 56 336 455 
5143 M 16 95 13 54 84 127 161 206 186 214 25 336 329 
7021-4 F 16 87 15 66 118 145 181 213 172 232 35 336 398 
5109 F 16 96 16 58 101 157 188 226 186 229 46 336 377 
6039-2 F 16 82 34 75 120 161 187 232 162 263 71 336 395 
5120 F 16 82 6 41 82 118 156 190 155 211 27 336 295 
6032-3 F 16 82 10 34 73 126 167 204 156 178 16 336 282 
6034-3 F 16 77 34 73 119 164 225 264 152 253 66 336 476 
5164 F 16 98 26 52 95 131 187 232 191 240 26 335 392 
5186 F 16 94 10 53 93 130 164 231 186 223 48 328 455 
5207 F 16 97 23 62 112 151 197 243 191 213 67 336 443 
5090 k 17A 94 19 64 120 175 216 254 186 233 59 336 469 
7030 h 17A 105 33 77 124 185 225 260 205 243 85 336 494 
5087 F 17A 97 13 47 86 129 167 208 191 212 51 336 364 
5136 F 17A 94 14 53 90 125 166 198 186 211 15 326 325 
5160 F 17A 100 17 49 91 146 182 231 196 233 38 336 433 
7017-4 h 17B 94 24 68 115 168 213 252 186 243 61 336 454 
5141 M 17B 91 16 51 82 130 181 238 176 219 12 336 337 
5102 F 17B 80 20 50 89 138 164 199 156 227 26 336 340 
6041-2 F 17B 86 32 62 111 154 190 235 166 237 40 336 378 
5208 F 17B 98 18 56 101 144 185 244 191 231 50 336 380 
Table 40. (Continued) 
Total feed Intake 
Calf 
no. Sex Group 
Initial 
wt. 
Body sain to. weeks 0 -12 wk. 12-24 wk. 
4 8 12 16 20 24 M lk Starter Hay Grain Hay 
lb. 
5080 M 17C 79 20 52 99 132 163 204 156 225 40 336 309 
5111 k 17C 104 21 54 94 145 183 229 205 235 73 336 432 
5118 F 170 86 18 53 98 156 182 233 166 213 45 336 355 
514? F 17 C 81 15 55 103 142 179 249 166 214 51 336 383 
6034-4 F 17C 76 26 60 107 158 198 248 152 236 40 336 425 
5079 k 18A 81 7 46 92 116 159 195 156 184 23 336 259 
5108 M 18A 91 13 23 63 125 145 206 176 155 30 336 319 
5119 F 18A 91 17 37 90 140 173 210 176 198 46 336 439 
5133 F 18A 94 2 28 71 119 162 200 186 203 36 336 343 
6056-1 F 18A 76 26 58 100 141 190 236 147 253 37 336 326 
6040-2 M 18B 98 28 56 122 153 185 224 191 237 56 336 486 
6031-3 M 18B 108 14 45 90 128 180 219 211 226 42 336 304 
6043-% F 1BB 88 14 52 104 157 182 232 172 218 45 336 427 
6004-4 F 18B 82 26 77 107 152 199 249 162 263 53 336 411 
7043-2 F 18B 82 14 49 100 134 184 223 162 193 30 336 406 
6022-3 M 18C 108 28 67 109 152 184 218 211 241 55 336 529 
5123 h 18C 80 18 57 102 161 203 267 156 219 36 336 426 
5113 F 18C 114 24 64 115 165 292 251 225 248 78 336 510 
5146 F 18C 109 25 63 104 137 175 226 215 256 53 336 389 
5151 F 18C 86 31 66 112 158 206 261 166 235 65 336 502 
Table 40. (Continued) 
Total feed intake 
Calf 
no. Sex Group 
Initial 
wt. 
Body gain to. weeks 0 -12 wk. 12-24 wk. 
4 8 12 16 20 24 Milk Starter Hay Grain Hay 
lb. 
508o M 19 A 101 9 42 84 132 157 212 196 183 33 336 373 
5126 h 19A 76 5 30 81 126 167 228 147 161 23 336 374 
7052-1 F 19A 81 26 65 120 159 203 238 156 226 57 336 368 
5142 F 19A 93 13 45 88 133 169 202 182 221 21 336 373 
5204 F 19A 81 17 49 91 137 183 225 156 217 32 336 382 
5081 M 19B 98 20 51 104 139 189 226 191 227 81 336 537 
5110 M 19 B 109 23 60 122 181 213 263 193 234 80 336 528 
5116 F 19 B 104 22 54 112 158 198 243 205 242 97 336 550 
6006-4 F 19 B 80 24 52 87 140 190 231 156 208 24 336 379 
7020-4 F 19 B 91 22 57 97 144 203 252 176 268 68 336 465 
6033-2 M 19C 112 21 56 88 141 179 213 219 241 34 336 487 
7041-2 h 19 C 116 24 58 108 132 188 237 225 228 60 336 363 
7031-3 F 19 C 96 6 51 97 124 161 211 186 210 41 336 344 
5159 F 19 C 92 8 42 84 123 163 217 182 212 31 336 393 
5177 F 19 C 84 12 53 96 139 177 225 166 218 39 336 427 
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Table 41. Body weight gain and feed intake, experiment V 
Calf Initial Body wt. gain to. wk.: Total hay 
no. Sex Group wt. 4 8 12 intake 
lb. 
6027-% F 20A 285 47 86 140 546 
6007-4 F 20A 265 50 100 137 528 
7051-1 F 2 OA 308 66 108 150 684 
7022-% M 20A 325 50 91 141 568 
6026-% M 20A 292 50 90 125 678 
5074 U 20A 255 53 84 144 681 
6047-1 F 20B 277 57 95 149 639 
7002-3 F 20B 320 49 85 122 729 
7026-2 F 20B 289 40 76 107 623 
5045 M 20B 274 48 105 149 638 
6009-3 M 20B 317 59 100 149 696 
6051-1 M 20B 301 43 98 144 726 
7006-3 F 20C 266 49 90 138 545 
6037-1 F 200 280 51 91 137 636 
7037-1 F 20C 293 54 101 148 626 
6048-1 h 20C 319 72 114 165 683 
7007-3 M 20C 308 67 113 157 689 
5075 M 20C 278 49 107 151 716 
6035-1 F 21A 305 57 99 148 675 
5042 F 21A 267 45 83 119 573 
5084 F 21A 262 50 93 141 556 
5031 M 21A 316 83 139 182 806 
7046-1 h 21A 321 54 92 142 699 
7020-2 h 21A 39% 50 108 150 813 
7049-1 F 2 IB 292 55 106 149 506 
7016-3 F 2 IB 276 47 106 139 615 
6024-3 F 2 IB 284 65 94 135 621 
5037 M 2 IB 312 73 128 195 786 
5051 M 2 IB 307 60 101 145 728 
5070 M 2 IB 352 59 136 174 906 
7048-1 F 21C 275 44 96 151 554 
7047-1 F 210 279 50 94 131 557 
5076 F 21C 285 57 85 117 581 
5039 h %1C 286 61 128 175 662 
6025-3 M 21C 338 37 82 138 683 
6016-3 jXi 21C 332 58 106 149 843 
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Table 42. Descriptive data for steers used in experiment VI 
Calf a Date of Date on Beginning Final 
no. Breed Ration birth experiment weight weight 
6024-4 H C 3—5—61 9-26-61 358 382 
5092 BS C 4-11-61 10-10-61 270 289 
7035-2 H C 6—4—61 11-21-61 330 368 
5112 BS C 6-1-61 12-19-61 348 400 
5122 H C 7-6-61 1-30-62 402 424 
5114 BS c 6-13-61 3-6-62 338 378 
5083 H E 3-20-61 9-26-61 352 366 
5095 H E 4-21-61 10-10-61 347 371 
5096 BS E 4-24-61 11-21-61 378 394 
5098 BS E 5-1-61 12-19-61 317 342 
5143 H E 7-6-61 1-30-62 306 344 
5149 BS E 8-27-61 3—6—62 349 408 
aH = Holsteln, BS = Brown Swiss. 
Table 43. Apparent nitrogen digestion and retention data, experiment VI 
Excreted % % 
Steer Ration Period Consumed Feces Urine Digested Retained digested retained 
g. nitrogen/day 
5083 E I 111.6 27.9 54.3 83.7 29.4 75.0 26.3 
II 114.6 28.4 61.6 86.3 24.6 75.3 21.5 
5095 E I 107.6 25.5 59.8 82.1 22.3 76.3 20.7 
II 107.6 29.5 56.7 78.1 21.4 72-6 19.9 
5096 E I 121.7 34.4 74.6 87.3 12.7 71.7 10.4 
II 121.8 34.5 65.2 87.3 22.1 71.6 18.1 
5098 E I 104.6 28.0 52.6 76.6 24.0 73.2 22.9 
II 104.6 28.2 52.4 76.4 24.0 73.0 22.9 
5143 E I 97.0 23.3 49.1 73.7 24.6 76.0 25.4 
II 104.6 .28.2 61.2 76.4 15.2 ' 73.0 14.5 
5149 E I 109.1 29.0 57.7 80.1 22.4 73.4 20.5 
II 114.7 30.4 61.7 84.3 22.6 73.5 19.7 
6024-4 C I 109.5 27.3 58.6 82.2 23.6 75.0 21.6 
II 112.5 30.0 58.2 82.5 24.3 73.3 21.6 
5092 C I 86.7 23.8 46.3 62.9 16.6 72.5 19.1 
II 91.L 25.0 48.7 66.2 17.5 72.6 19.2 
7035-% c I 10%.6 28.2 52.6 74.3 21.9 72.4 21.2 
II 103.6 28.9 65.5 74.7 9.2 72.1 8.9 
Table 43. (Continued) 
Excreted % % 
Steer Ration Period Consumed Feces Urine Digested Retained digested retained 
g. nitrogen/day 
5112 C I 115.1 34.2 54.1 80.9 26.8 70.3 23.1 
II 115.0 32.7 59.3 82.3 23.0 71.6 20.0 
5122 C I 102.1 25.8 63.1 76.3 13.2 74.7 12.9 
II 115.1 33.3 65.1 81.8 16.7 71.1 14.5 
5114 C I 112.1 32.4 55.2 72.7 24.5 71.1 21.9 
II 115.1 33.0 58.2 82.1 23.9 71.3 20.8 
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Table 44. Apparent energy digestion data, experiment VI 
Excreted % 
Steer Ration Period Consumed in feces Digested digested 
Therms/day 
5083 E I 19.926 5.805 14.121 70.9 
II 20.406 5.901 14.505 71.1 
5095 E I 19.180 5.372 13.808 72.0 
II 19.180 5.989 13.191 68.8 
5096 E I 21.633 6.953 14.680 67.9 
II 21.747 7.199 14.548 66.9 
5098 E I 18.464 5.736 12.728 68.9 
II 18.464 5.680 12.784 69.2 
5143 E I 17.491 4.731 12-760 73.0 
II 18.464 5.232 13.%32 • 71.7 
5149 E I 19.631 5.297 14.334 73.0 
II 20.515 5.817 14.698 71.6 
60*4-4 C I 19.966 5.913 14.053 70.4 
II 20.437 6.323 14.114 69.1 
509% C I 15.643 4.850 10.793 69.0 
II 16.353 5.392 10.961 67.0 
7035-% C I 18.394 6.181 12-213 66.4 
II 18.428 6.266 12.162 66-0 
511% C I 20.475 6.893 13.582 66.3 
II 20.475 6.043 14.432 70.5 
512% C I 18.442 5.050 13.392 72.6 
II 20.475 6,477 13.999 68.4 
5114 c I 20.004 6.112 13.892 69.4 
II 20.475 6.286 14.189 69.3 
Table 45a. Total nitrogen concentration as mg./100 ml. rumen fluid, experiment VI 
Hours after feeding Hours after feeding 
Ration C Ration E 
Date Steer 0 1 2 4 6 Steer 0 1 2 4 6 
10/12 6024-4 110.9 118.3 89.3 58.4 5083 101.6 209.8 167.3 152.8 
10/17 101.6 — — 104.1 65.8 74.6 129.4 M — 152.7 100.3 100.8 
11/% 151.8 — — 129.8 56.1 71.0 107.3 —* — 114.7 112-7 74.7 
11/7 5%. 5 — 63.0 54.5 71.1 68.0 — — 87.2 67.9 66.9 
10/ 26 5092 165.0 154.0 58.8 46.2 5095 155.4 235.0 78.4 60.2 
10/31 155.5 •» — 151.4 91.4 79.8 165.2 — «— 161.2 102.9 93.2 
11/16 113.6 — — 157.0 93.5 74.8 136.4 — 133.8 107.8 74.0 
11/21 111.2 119.0 142.8 92.4 136.0 135.5 100.2 84.1 
12/7 7035-% 115.2 217.7 140.8 108.0 99.2 5096 103.5 189.4 171.0 81.4 86.1 
I2/I2 108.4 208.7 163.9 163.6 122.1 102.0 230.6 177.6 109.6 75.7 
12/28 92.4 160.4 92-0 74.6 56.7 118.5 180.1 79.9 98.6 81.3 
1/2 136.2 192.4 152.9 133.8 98.9 166.3 237.8 174.9 121.4 
0 
98.4 
1/9 511% 119.4 163.6 149.0 109.7 72.6 5098 103.1 170.4 157.5 105.6 76.7 
1/25 189.4 199.6 167.0 181.4 125.2 205.8 208.0 175.4 141.0 119.4 
1/30 141.8 156.6 115.2 67.8 70.4 101.8 170.8 130.0 77.8 121.2 
2/15 51%% 123.0 190.8 126.6 90.6 112.6 5143 228.4 206.0 209.0 196.6 158.4 
2/20 184.6 188.8 122.6 120.8 125.8 153.0 174.4 83.2 87.8 91.8 
3/8 124.4 198.4 136.0 73.0 83.8 190.8 203 .0 172.8 125.2 137.6 
3/13 139.% 183.% 142.0 99.2 97.6 164.2 148.0 132.0 114.8 126.8 
3/2% 5114 170.6 167.6 198.% 124.0 97.6 5149 101.2 230.0 280.0 179.0 149.2 
3/27 72.4 119.4 154.4 13%.8 124.1 147.0 179.6 158.8 141.6 66.8 
4/11 81.6 173.8 128.2 72.0 71.2 82.2 75.4 141.4 63.0 74.8 
4/16 10%. 4 234.4 211.6 106.6 83.8 177.0 203.0 187.8 102.2 59.0 
Table 45b. Soluble nitrogen concentration as mg./lOO ml. rumen fluid, experiment VI 
Hours before feeding Hours before feeding 
Ration C Ration E 
D a t e  S t e e r  0  1  2  4  6  S t e e r  0  1 2  4  6  
12/7 
lfc/lfc 
12/28 
1/% 
7035-2 
26.2 
41. B 
124.9 
121.4 
76.9 
104.4 
88.7 
102.6 
44.6 
37.6 
27.3 
— — 
5096 26.9 
24.8 
40.0 
94.4 
120.2 
103.6 
106.1 
75.7 
91.2 
45.1 
69.0 
32-2 
•31.7 
— — 
1/9 
1/25 
1/30 
5112 27.3 
44.8 
29.2 
57.7 
83.2 
50.0 
59.3 
50.6 
43.2 
19.1 
38.2 
11.4 
18.0 
34.0 
18.6 
5098 27.2 
43.6 
23.2 
76.6 
116.0 
72.8 
46.2 
55.8 
46.6 
26.8 
40.2 
17.0 
19.1 
24.6 
16.4 
2/15 
2/20 
3/8 
3/1-5 
5122 33.6 
25.8 
40.2 
34.4 
63.4 
61.8 
100.2 
97.2 
32-2 
47 .6 
62.0 
72.0 
21.2 
26.2 
28.6 
44.8 
19.8 
23.0 
34.8 
43.6 
5143 39.0 
26.2 
40.8 
41.2 
77.6 
93.4 
82.2 
144.2 
112.0 
38.0 
70.4 
91.2 
43.6 
30.4 
30.6 
56.4 
34.0 
29.8 
42.4 
40.8 
3/22 
3/27 
4/11 
4/16 
5114 43.6 
29.2 
30.8 
26.4 
45.4 
32.4 
37.4 
62.0 
68.2 
64.0 
87.2 
73.2 
42.0 
45.8 
49 .2 
40.0 
29.0 
14.4 
25.4 
19.6 
5149 37.6 
26.4 
26.8 
26.4 
54.4 
35.0 
32-0 
73.6 
130.0 
62.2 
119.6 
85.8 
36.8 
41.8 
44.4 
•38.0 
30.0 
20.0 
31.4 
20.4 
Table 45c- Non-protein nitrogen concentration as mg./100 ml. rumen fluid, 
experiment VI 
Hours after feeding 
Ration C 
Hours after feeding 
Ration E 
Date Steer 0 1 2 4 6 Steer 0 1 2 4 6 
6024-4 23.3 47.4 36.4 23.9 5083 26.3 7-5.1 54.8 27.3 
28.7 —  — - 41.1 29.2 17.5 33 .4 — —  67.3 55.6 32.0 
30.5 —  —  39.7 23.7 27.2 34.8 — —  64.0 38.6 31.4 
25.8 41.9 30.7 25.8 16.8 — — 40.3 32.7 25.7 
509% 36.5 60.2 45.% 53.2 5095 32.7 66.5 44.0 32.2 
%6.% —  —  47.1 64.8 27.3 28.4 —  —  49.8 29.2 28.6 
26.1 — — 39.2 26.6 21.3 38.0 —  —  46.1 29.5 25.6 
%7. 5 43.1 27.7 22.6 25.9 47.0 31.7 19.5 
7035-2 36.0 77. b 77.5 42.8 30.8 5096 29.8 79.0 72.5 26.1 30.4 
26.0 83.6 91.5 36.4 31.8 25.9 97.3 81.6 30.8 26.6 
36.7 65.8 40.0 24.2 24.5 23 .9 82.9 36.9 27.4 25.3 
32.6 50.0 90.4 54.6 33.0 32.6 56.1 72.1 38.0 28.8 
5112 %3.7 48.3 50.0 17.8 16.3 5098 22.1 61.4 43.0 26.6 25.1 
43.6 72.8 51.6 40.0 28.6 35.0 97.6 51.4 41.0 36.6 
26.% 51.6 42-2 15.8 18.4 19.6 64.0 47.6 21.4 22.6 
5122 31.6 5%. % 35.2 22.0 23.8 5143 39.0 68.8 79.0 48.0 30.4 
29.2 59.8 49.4 31.% 29.0 31.4 86.2 42.0 28.2 23.9 
38.6 33.2 68.6 41.6 25.2 36.2 76.0 65.0 45.6 32.0 
27.6 28.4 47.4 22.0 27.4 33.2 105.1 63.4 36.8 27.4 
5114 44.6 42.8 65.4 41.% 29.8 5149 •35.2 43.2 81.6 37.4 28.2 
22.8 3%. 0 57.4 41.6 13.8 29.0 32.2 55.8 40.8 16.6 
34.6 39.0 54.8 54.8 26.4 32.8 40.4 79.2 49.5 34.6 
29.6 75.4 84.6 35.2 23.2 31.% 68.1 78.4 54.8 22.2 
10/1% 
10/17 
11/% 
11/7 
IO/26 
10/31 
11/16 
II/2I 
12/7 
12/12 
12/28 
l/% 
1/9 
1/25 
1/30 
2/15 
2/20 
3/8 
3/13 
3/22 
3/27 
4/11 
4/16 
Table 45d. Ammonia nitrogen concentration as mg./100 ml. rumen fluid, experiment VI 
Hours after feeding Hours after feeding 
Ration C Ration E 
D a t e  S t e e r  0  1 2  4  6  S t e e r  0  1 2  4  6  
10/12 
10/17 
11/2 
11/7 
6024-4 17.3 
13.3 
12.1 
15.0 
— — 
28.0 
21.2 
20.5 
24.1 
21.7 
17.3 
9.6 
18.7 
16.1 
7.0 
10.2 
11.5 
5083 14.2 
15.9 
15.9 
10.9 
38.0 
27.9 
31.3 
19.4 
23.8 
18.6 
20.7 
17.4 
16.4 
17.8 
18.4 
10.6 
10/26 
10/31 
11/16 
11/21 
5092 lid.4 
12.c 
12.0 
15.4 
— — 
27.5 
26.7 
22-4 
23.0 
27.5 
17.6 
15.1 
14.2 
13.0 
17.1 
9.2 
11.9 
5095 17.3 
12.6 
13.4 
12-5 
38.6 
22.1 
27.1 
24.9 
24.2 
15.1 
14.9 
15.6 
12.0 
11.5 
13.5 
6.4 
12/7 
12/12 
12/28 
1/5 
7035 11-8 
13.7 
10.7 
16.9 
18.2 
24.0 
19.4 
23.1 
17.4 
20.6 
18.5 
12.8 
12.2 
20.9 
11.7 
19.3 
11.3 
15.0 
10.5 
14.9 
5096 13.5 
14.2 
13.3 
15.3 
18.1 
24.6 
24.0 
21.7 
20.2 
23.2 
19.3 
22-3 
16.8 
18.5 
13.1 
21.5 
12.2 
15.2 
11.9 
15.9 
1/9 
1/25 
1/30 
5112 10.8 
21.5 
12.5 
20.7 
23.9 
21.0 
20.9 
%5.0 
19.5 
8.0 
27.2 
6.8 
7.2 
20.3 
8.5 
5098 10.5 
17.2 
9.9 
24.5 
26.8 
19.1 
22.7 
26.9 
22.1 
12.2 
25.7 
7.2 
6.0 
10.5 
9.8 
2/15 
2/20 
3/8 
3/13 
5122 17.8 
12.5 
16.2 
15.0 
26.8 
27.0 
25.5 
25.4 
17.8 
27.0 
27.3 
23.6 
8.8 
14.3 
24 .0 
20.2 
8.3 
10.8 
11.7 
13.8 
5143 17.4 
14.7 
14.6 
13.8 
23.1 
22.7 
22.1 
12-2 
21.4 
23.2 
27.2 
28.6 
20.5 
12.1 
24.4 
18.2 
14.1 
14.9 
15.5 
12.2 
3/22 
3/27 
4/11 
4/16 
5114 22.0 
14.4 
19.4 
16.8 
23.6 
19.0 
21.2 
32.6 
26.8 
22.0 
27.0 
32.6 
14.6 
21.6 
32.8 
21.2 
12.0 
7.0 
14.4 
10.2 
5149 15.0 
10.2 
15.0 
17.0 
20.4 
22.0 
19.4 
31.2 
26.8 
23.0 
28.8 
38.6 
12.0 
22.8 
28.8 
20.4 
16.4 
7.6 
19.6 
12.0 
Table 46. VFA& concentration In maioles per liter of rumen fluid, experiment VI 
Date*5 Time0 02 C3 Ci4 C 4 Ci5 05 c2 C3 Ci4 C4 Ci5 05 
Steer 6024-•4. Ration C Steer 5083. Ration E 
10/12 0 57.8 13.3 1.6 10.4 2.4 1.4 62.4 19.4 1.7 11.3 2.5 2.5 
2 6%.4 18.5 1.6 11.6 2.6 2.6 79.8 26.1 2.5 13.9 3.5 2.6 
4 49.4 15.1 1.4 9.8 1.8 2.6 64.8 18.5 1.9 10.9 2.4 1.7 
6 48.6 13.0 .6 8.8 1.4 1.6 62.4 18.9 1.2 11.3 2.6 2.3 
10/17 0 47.6 12 «4 1.5 9.1 1.8 1.2 46.4 11.3 1.3 8.7 2.1 1.1 
2 57.7 15.3 1.4 8.6 1.6 1.6 61.0 15.7 1.5 8.8 1.5 1.7 
4 59.4 15.4 1.4 10.6 1.5 1.9 61.6 16.4 1.7 11.9 1.9 2.1 
6 57.0 14.4 1.5 10.5 1.6 1.7 60.3 15.5 1.7 12.2 1.7 1.9 
11/2 0 58.4 14.3 1.7 10.3 2.5 1.9 59.5 13.2 1.0 10.8 2-4 1.9 
2 54.0 13.7 .7 8.5 1.7 1.8 62.4 16.1 1.9 10.2 2.2 2.3 
4 37.4 9.1 1.6 6.2 1.0 1.0 71.0 18.0 1.2 12.6 2.2 1.9 
6 46.1 13.1 2.2 6.2 1.3 1.2 65.6 15.0 1.6 12.6 2.2 2.2 
11/7 0 41.4 10.0 1.4 7.2 1.9 1.2 43.0 10.6 1.2 7.9 1.8 1.0 
2 51.0 15.4 2.9 8.9 2.0 2.0 57.6 16.6 1.7 10.3 1.9 2.2 
4 66.% 16.2 1.7 10.8 1.8 2.2 61.8 16.6 2.0 13.0 2.2 2.2 
6 64.6 14.9 1.8 12.4 1.9 1.2 59.0 15.7 1.4 13.4 1.9 1.7 
aC2 = acetic, C3 = propionic, C14 = isobutyric, C4 = butyric, 0^5 = Isovaleric 
and C5 = valeric acids. 
bDays and months between Oct. 10, 1961 and April 17, 1962. 
cHours after beginning of feeding. 
Table 46. (Continued) 
Date Time Cg Cg C C4 C^^ C 5 
10/26 
10/31 
11/16 
ll/al 
Steer 5092. Ration C 
0 53.1 15.5 1.0 10.3 2.2 1.3 
2 53.4 17.5 4.8 7.4 1.7 1.4 
4 56.0 18.0 1.2 11.0 2.8 2.5 
6 5%.2 15.1 1.0 10.3 2.0 1.3 
0 49.0 13.0 1.4 11.8 2.4 1.2 
2 66.6 18.1 1.4 , 10.3 2.4 2.4 
4 78.0 22.4 1.4 14.0 2.5 2.6 
6 60.0 15.2 1.9 11.9 2.0 2.0 
0 54.6 lid.O 1.9 11.1 2.4 1.3 
2 70.2 17.5 2.8 11.3 2.4 2.6 
4 61.2 14.4 2.0 12.8 2.2 1.9 
6 74.6 17.8 2.0 14.6 2.4 2.2 
0 45.6 9.% 1.7 10.1 2.3 1.2 
2 45.8 le.3 1.3 8.2 1.8 1.8 
4 55.2 13.3 1.6 12.9 2.6 2.1 
6 57.0 13.6 1.7 13.2 z.4 2.4 
C2 C3 C14 C4 C15 C5 
Steer 5095. Ration E 
46.0 12.6 
69.6 20.5 
54.0 15.1 
44.6 13.5 
2.0 12.7 
2.5 18.1 
1.7 15.1 
1.8 14.2 
2.6 1.7 
3.4 2.9 
3.4 2.6 
1.9 1.9 
59.4 17.2 
58.8 16.8 
54.6 11.5 
51.0 14.5 
50.4 12.8 
68.4 19.2 
63.6 17.5 
43.2 11.5 
46.4 8.6 
70.8 22.7 
69.1 18.9 
56.1 14.3 
1.6 9.6 
1.4 9.5 
1.7 9.1 
2.6 9.5 
2.2 10.3 
3.0 11.3 
2-4 10.1 
2.9 10.9 
1.5 8.6 
1.3 13.6 
1.6 13.7 
1.5 12.1 
1.8 1.4 
1.7 1.3 
1.8 1.6 
2.4 2.2 
2.6 1.4 
2.5 2.9 
1.7 1.6 
1.7 1.3 
1.8 .8 
2.4 2.2 
2.4 1.8 
2.2 1.8 
Table 46. (Continued) 
Date Time Cg C3 0^4 C4 C^§ C 5 
Steer 7035-2. Ration C 
12/7 
12/1% 
12/28 
1/2 
0 20.6 7.2 .2 6.7 1.4 .5 
2 49.8 11.9 .7 5.5 1.3 1.4 
4 46.5 13.0 .6 11.7 1.3 1.7 
6 42.6 13.4 1.8 9.2 1.6 1.3 
0 51.6 12.7 1.4 7.9 1.9 1.2 
2 49.4 11.3 1.2 6.8 1.1 1.1 
4 64.2 19.6 1.7 11.0 1.6 2-2 
6 53.0 18.8 3.7 11.5 2.0 2.5 
0 42.2 11.8 1.1 6.7 2.3 1.1 
2 48.0 13.3 1.9 7.1 1.7 1.9 
4 43.2 11.5 1.1 6.7 1.3 1.6 
6 42.6 13.6 1.7 10.0 1.6 1.6 
0 69.6 16.6 2.0 12.7 2.8 2.2 
2 66.7 16.9 1.6 10.7 1.6 2.4 
4 73.9 19.4 1.8 14. 5 2.1 3.3 
6 60.7 16.9 1.6 12.4 1.7 .6 
C2 c3 C14 C4 Ci5 C5 
Steer 5096 . Ration E 
66.6 16.1 2.0 10.8 2.9 1.4 
53.4 13.8 .5 5.9 1.0 1.0 
30.7 10.0 .5 6.2 1.0 1.3 
41.5 11.8 . 5 8.2 1.3 1.2 
58.8 12.5 1.2 10.6 2.4 1.2 
59.8 14.0 1.3 8.9 1.4 1.3 
52.2 13.9 1.2 11.5 1.7 2.4 
60.0 15.7 1.3 12.8 1.9 2.2 
46.2 12.0 2.4 8.9 2.9 1.4 
48.0 16.0 0.5 6.0 1.3 1.7 
53.0 13.2 1.6 8.4 1.3 2.2 
59.8 14.4 .7 9.7 2.0 1.9 
59.8 12.1 1.7 11.9 2.8 1.8 
35.6 8.5 .6 7.1 .6 .6 
76.6 21.9 1.8 15.0 2.6 2.1 
49.5 12.4 1.1 11.0 1.1 2.0 
Table 46. (Continued) 
Date Time Cg Cg C^^ C4 C^g C 5 
1/9 
1/25 
1/30 
Steer 5112. Ration C 
0 33.6 8.9 1.6 8.0 1.9 0.7 
2 57.0 18.2 1.6 11.8 1.8 1.7 
4 52-8 13.2 1.4 11.0 1.4 1.2 
6 42-6 12.1 1.1 11.0 1.7 1.3 
0 60.0 12.7 1.9 11.6 2.3 1.3 
2 58.2 15.6 1.0 9.1 1.7 1.8 
4 5%.2 18.1 3.5 15.8 2.2 2.4 
6 56.6 14.8 2.4 15.1 2.2 1.7 
0 54.0 12.8 1.9 8.4 2.4 1.2 
2 56.4 16.4 2.2 8.5 1.8 2.0 
4 27.0 7.8 .4 4.2 .6 1.0 
6 55 .2 13.3 1.2 8.9 1.7 1.4 
C2 C3 C14 c4 C15 C5 
Steer 5098 , Ration L E 
62.4 19.7 1. 5 12.0 1.6 1.7 
70.5 21.6 1.7 11.2 1.8 1.8 
63.6 19.7 1.6 12.0 1.6 1.7 
53.0 12.7 1.0 9.4 1.7 1.2 
60.6 12.8 1.9 11.3 2.6 1.6 
67.8 17.3 1.8 11.4 2.3 2.4 
72.6 17.5 1.8 11.4 2.3 2.6 
43.8 10.7 2.1 9.4 1.6 1.3 
36.6 9.4 1.4 6.7 1.8 1.1 
60.1 16.3 1.7 12.2 1.7 1.6 
40.8 10.3 1.8 6.5 1.0 1.2 
57.8 14.8 1.7 11.6 1.7 1.7 
Table 46. (Continued) 
Date Time Cg Cg ^14 C4 ^15 C 5. 
2/15 
2/20 
3/8 
3/13 
Steer 5122. Ration 1 C 
0 38.2 9.1 1.2 8.4 2.9 1.2 
2 52-8 11.8 1.4 8.2 2.2 1.8 
4 39.6 9.1 .8 7.4 1.1 1.0 
6 72.0 18.8 1.0 13.6 3.8 2.4 
0 47.7 10.2 1.3 7.0 1.9 1.0 
2 63.6 18.7 1.4 8.9 1.4 2.1 
4 57.4 13.9 1.3 9.6 1.1 1.9 
6 60.6 14.9 .5 10.4 1.9 1.6 
0 47.0 11.0 1.4 8.2 2.5 1.1 
2 71.4 19.7 1.6 12.4 2.1 3.6 
4 66.0 16.8 1.9 11.8 1.9 4.6 
6 48.7 11.6 2.2 6.8 1.4 1.8 
0 44.5 9.2 1.5 9.0 2.5 1.1 
2 52.5 14.9 1.6 10.3 2.1 2.4 
4 44.4 10.6 1.2 8.7 1.6 2.1 
6 49.6 18.0 1.6 14.1 2.1 2.6 
C2 °3 °14 C4 C15 C5 
Steer 5143. Ration E 
63.3 13.7 1.0 11.8 3.6 2.2 
54.0 11.8 .5 7.0 1.2 1.7 
82-2 22.3 .6 14.2 3.1 2.9 
43.8 12.1 .7 10.6 1.8 .8 
43.0 7.7 1.0 7.2 2.4 1.2 
43.0 11.3 1.1 6.0 1-2 1.7 
46.3 9.8 1.3 7.0 1.3 1.9 
61.8 15.1 2.2 11.2 2.2 2.9 
45.4 9.1 1.7 10.7 2.2 1.1 
59.4 17.5 1.2 11.8 2.0 2.4 
49.4 12.0 2.4 11.3 1.8 2.6 
57.5 12.7 .8 12.1 1.3 1.5 
48.6 9.0 1.6 14.4 2.6 1.3 
57.6 15.4 1.1 13.1 1.3 2.4 
64.0 14.9 1.6 15.6 2.0 3.0 
52.3 11.2 1.6 14.3 1.8 2.4 
Table 46. (Continued) 
Date Time °2 °3 C14 °4 Ci5 C5 C2 °3 °i4 °4 Ci5 °5 
Steer 5114 . Ration C Steer 5149 . Ration i E 
3/22 0 71.1 14.4 1.2 13.0 3.1 2 .2  46.9 11.0 1.6 8 .3  2 .4  1.6 
2 73.2 20.4 1.2 11.0 1.7 1.9 66.6 13.9 1.1 16.8 1.9 1.1 
4 66.0 15.1 1.2 10.1 1.4 2.9 42.0 12.4 1.2 13.8 1.5 2.4 
6 64.8 14.6 1.0 12.0 1.7 1.9 60.0 15.8 1.0 13.1 2-0 1.7 
3/27 0 44.4 12.0 1.5 9.6 2 .2  0.9 44.4 9.6 1.6 8.5 2 .2  1.0 
2 54.2 14.4 1.3 7.9 1.9 1.0 50.1 11.8 1.3 5.8 1.7 1.4 
4 64.8 19.3 1.5 10.2 1.7 2.4 60.2 17.5 1.5 11.9 1.7 2.2 
6 73.3 17.0 1.3 10.6 2.0 2.8 27.6 7.7 1.0 5.4 .5 1.2 
4/11 0 49.4 11.4 1.9 8.5 2.8 1.7 49.3 10.4 1.4 8.3 2.5 1.2 
2 57.4 12.7 1.3 7.7 1.4 1.7 60.9 12.2 .6 9.1 1.7 1.8 
4 68 .2  17.5 1.8 10.4 2 . 3  4.8 59.4 13.6 1.2 7.5 2 .3  3.1 
6 51.8 11.3 .7 7.4 .9 1.9 62.6 15.2 2.2 11.1 2.0 3.6 
4/16 0 60.3 14.0 1.8 12-6 3.0 1.8 55.4 11.2 1.6 10.5 2.1 1.7 
2 73 .3  17.0 1.3 11.9 2.0 2.8 80.5 19.9 1.7 11.8 2.1 2.7 
4 78.5 19.3 1.3 12.9 2 .4  4.6 50.0 11.2 1.2 9.2 .9 3.2 
6 62.4 14.5 1.3 11.0 1.6 2.0 46.2 10.8 .9 9.2 .8 1.8 
